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ABSTRACT

This report describes the continuing development of preprocessing,
character~classification, and context-analysis techniques for hand-

printed text, such as computer coding sheets in the FORTRAN language.

We discuss preprocessing operations developed to [ind topological
features such as the perimeter, the convex hull, concavities, enclosures,
and spurs of a black/white guantized figure, We describe the picsent
status of a program, TGPO 2, which classifies characters on the basis of
these and other topological features. Finally, w2 detail the component
functions of the LISP program developed to perform FORTRAN syntax

analysis on a statement-by-siatement basis.
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I INTRODUCTION

This report describes the continuing development of preprocessing,
character=-classification, and context~analysis technigues for hand-
printed text, The particular subject matter of our investigation is
hand-printed FORTRAN text on standard computer coding sheets, with a
46~character alphabet, The recder is referred to the previous reports

of this project for background and supplementary material,

In Sec., II of this report we resume the discussion of topnlogical
preprocessing operations that was begun in the Fourth Quarterly Report,
We discuss procedures {or finding the perimeter of a black/white guan-

tized figure, its convex hull, its concavitles, its conclosures and ity

spurs,

Section 11X describes the current status of the TOPO 2 program,
which enbodies the above-mentioned preprocessing operations and performs
subsequent character classification through hand-~coded evaluatlon func-
tions. We also discuss the forthcoming use of the topological features

from TOPO 2 as input to a learning machine,

The context-analysis phase of our effort is currently concentrated
on analysis of individual statements, using the syntax of the FORTRAN
language. In Sec, IV, we enumerate and briefly describe the action of
numerous functions containced in the LISP program being developed lor

the syntax analysis,
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II TOPOLOGICAL PREPROCESSING OPERATIONS FOR
RECOCGNITION OF HAND-PRINTED CHARACTERS

A, Introduct ton

We resume here the discusslon of topologleal preprocessing opera-

tions that was begun in the Pourth Quuarterly Report.

In that repoert,

we introduced a number of operations to be performed on an image in a

guantized visual field, We alse described programs written for the SDS

910 computer to perfarm these operations on a 24 X 24 bit, black/white

quantized [lecld:

Operation
Finding oxtent of flgure(s) in
field
Finding connected subfigures
Growing und shrinking [ligures

Disgecting a ligure into comuected
subfigures

Buolean operations performed in
parallel on the elementy of
visual flelds

Translation of a field

EXTENT

Pro grams

CONN4, CONNS
GROW, SHRINK

DISEIB

ANDFIG, ORFIG, XORFIG, DIFFIG,

CMPFIG

RSHFIG, LSHWFIG, USHFIG, DSHFIG

(A recent addition to thix list ig the program PIVOT, which pivots a

24 X 24 field about its maln diagonal,)

The followling tevminology iy used in thts discussion:

in the visual Cleld Ls four=connected 1Y any

be reached from any other point in

the obtect

in the four major dircetions (up, down, lelt,

within the object,  An abject is cight=~copnectoed

tion, but with the path allowed to

dirccetions as well, J is the vertical

runting rom 1 at the top to 24 at

left to 24 at the right,

the

An objoct

point in the object can

by 1t path ol ynit steps

right)

include steps in
coordinute in

bottom; K runs

tyving entirely

the four diagenal

the vigual rield,

from 1 at the

‘

under o simitar doftni-
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B. Contour Following (The Perimeter and th¢ Shell}

A well-kvown result of recreavional mathematics states that if one

traces o finite two-dimensional maze, keeping the wall always at the
right (or left) hand, he will eveuntually return to his starting point,
If the starting point is on the outside of a connccted figure, the con-

tour that is traced is the outer boundary of the [igure,

The contour-following operation, like that of findiig connected
gubfigures, is a fundamental preprocessing operation and forms part of
the bagis for other operations to be described subsequently., A hard-
ware imploementation ot the éontour—following process, using v cveleidally

looping flying spot to trace the character contour, has been used success-

U PSP U

fully at IBM Corpovalion in a devicr to read hand~printed numerals,®

When dealing with quantized fmages on a raster of points, the con-
tour fellower takes the form of a routine that steps from point to point
along tho cdge ol the figure, The natural output of the routine is thus
an ordered list of coordinate pafrs, rather than an image. The list may
he condenzod into an image containing those points n the list, but for

some uses the ordering contained in the list is important,

Wo choose to begin the conteur-following operation at a particular
location on the flgure, namely, the lefimost point of the figurc on the
24 X 24 raster {(and, in the case of ties, the bottommost of these
puints),  The contour is followed in o elockwise direction,  This fixed
procedure assures us of finding @ starting point on the boundary of the
Figure, and also makes possible some shorteuts in later processing, It

he Figure s not connected, only that connected component containing

the slarting potnt will be traced,

In o gquantized fmwage, the (Imaginary) coundary wall muy be thought
ol s running between the outermost Cipure poiits and the adjacent

ground points,  There are two ways, thercfore, Lo trace the boundary

TR, ¢, Greantas, 0 F, Meagher, R. 0. Norman, and [, Essinpger, "The
Recognition of Handwritten Numerals by Contour Amalysis,” IBM Journal

ol Rescarch and Developmers, Vol 7, Noo 1, pp. 1I=21 (January 1963),
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wall: on the inside, along the figure points, or on the outside, along
the ground points. Let the perimeter be the list of figure points found
by contour following along the inside of the wall, and let the shell be
the list of ground points found by contour following along the outside
of the wall. (We also use the names ''shell’ and "'perimeter” to refer

to the corresponding images composed of the points in the lists.) The
starting point for the shell is che ground point just to the left of the

(bottommost) leftmost figure point, where the perimeter starts,

We have so far only informally described the perimeter and shell,
A formal definition would he somewhat complex and of mainly academic
,*I ' interest. We will give instead an operational definition corresponding

to a computer routine for finding the perimeter. |
|

. 1, Finding the Perimeter of a Figure

Step 1. At ench stage there is a "current point"
on the perimeter and a "current direc-
tion.” Begin by taking the bottommost

of the leftmost figuve points as the

-/

current point,  Take "up” as the current

-~

direction,

Seep 2. Examine the eight aeighbors of the

. ? current point, in the fcllowing order:
clockwise, beginning with the diagonaj

e E neighbor just counterclockwise of the

currcent direction, Tacre are four

possibiliticoes;

Current direetion

Up Right Down Letf't

, 123 7 81 56 7 345
) Order ol examination 8 X 6 X 2 14 X 8 2X6
. 765 543 321 187

The first figure point cncounterced {s the

next point on the perimeteor, tr: "pow”

o

1
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peint. (If all eight neighbors are
ground points, the figure consists of

a single isolated point.)

Step 3. Take the direction of the step from the
current point to the new point as tho
"new' direction., However, i1 the step
wag diagonal, take the major direction
{up, right, down, or left)} just counter=
clochkwise ol the step direction, as the

new direction,

Step 4. Test for completion: {f the current
point and the new point are identical,
rosdpectively, to the starting point
and the sccond point, thoe perimcter is
complote, 1 not, replace the current
point and directton with the new point

and dirvection, and go back to step 3.

The porimeter~finding process can bhe fllustruated by applying

it to the quantizod tigure shown tn Fig, 1{a). The botlowmost ol the

left-most points, shown as A In FLg., 1(h), ts the original "current
point,”  Since the starting dirvection s up, the first neighbor ol A
to be examined is a ground point, The sccond neighbor, B, I8 a figure

point and iz taken as the "new'’ poini.  The direction from A to B

(namely, up) s the new divection,  As the process continues, the

perimeter points are found as shown, in alphabetical order,

Cortatn points on the fgare may appear bn the perfmeler move

than oncue. Thus point H {(not shown) is the same as polnt P, and poimt

Y Ia the same as polnt A, Those dupiicated points are not removod from
I I

the perimeter, for to do so would destroy the continuity of
path, This example shows why the test for completion must consider more
thun a single point; the pertmeter returns to point A (l.e., point V)

promaturcly, but it is not complete until the current point ts A and

the new point is B,

the perimeter
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FIG. 1 FINDING
THE FERIMETER
OF A FIGURE

It muy be noted that the porimeler cuts acrass an Lnterior
corner when peossible (in tho example, it goes from N to O instead of
from N to J to 0) bul does nut cut off an exterior corner {does not go

from ¥ ta M).

We assert without proof that the list of [igure points lound
by the procedure just described has the following properiies, which

correspond to the futuitive notion of “pertmeter:”

Property D1, duccessive points on the list are
adjacent (hortzontally, vertically,
or diagonally),

Property P-2,  Each point on the list is four-

adjucent (Lo, adfaeent efther
vertically or hortzontally) to an
exterior ground potint,

Property P~3,  All [lgure points four-adjaceni to
the exterior ground are on the list,

Property P-4, The 1ist goos “oncuo around the figure,

clockwise.”  In other words, the cumu=
Tative change in direction of the stepas
from one point to tne next is 3607 in
the clockwise sense,




2. Finding the Shell of a Figure

A procedure, analogous to that just described for the perimeter,
has been implemented for finding the shell of a figure. The shell begins
at the ground point just to the left of the starting perimeter point and
steps around the figure, in a clockwise direction, hugging the perimeter,

j An obvious duality exists between the perimeter of a figure and its

! shell; they are largely redundant, and only one need be found during

é pattern preprocessing, At present, we have discarded the shell in favor

‘ of the perimeter for sceveral reasons, The perimeter contains fewer
points, thus shortening the running tiwe of subscguent computations. If
a figure extends to the edge of the guantized field, the shell extends
beyond the field, leading to annoying programming complications., Finally,
the perimeter provides betlter starting information for the spur~f{inding

procedure.

C. The Convex Hull

The convex hul! H of a set F ol points is the set of all points
that are linear interpolations among points in F; that is, H is the set

of points x such that

where the a are non-neguative and sum to 1 and the x are in F. For a
figure F in a plane, H may bo characterized iLatuitively as the region

enclosed by a rubber band stretched arcund Y.

The convex hull of a character ts of interest in preprocessing
becausce tt includes the figure and two types of ground regions: con-
cavities, which are ground regions connected to the ground area vutside
the convex hull, and eneclosures, which are isolated from the outside
ground, Flgure 2 shows a character image (F), together with its con-
cavities (C) and cnclosures (B). The convex hull is the union of the
three reglons, The concavities and enclosures (sometimes called "bays”
and "lakes") are important features of a character, Thus, the convex

hull defines what might be calliced the region of interest of the
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CONVEX HULL H*F+E+C :

FIG. 2 REGIONS
ASSQC: TED WITH
A CHARACTER IMAGE

character, and the boundary of the convex hull serves to separate the

concavities from the outside ground (0).

Various computational methods could b2 used to Iind the convex
huall of a quantized figure. Every ground poiny could be fested, for
example, tu determine whether it satisfies the defining condition with
respect to the set of figure pointsz. Certuin shorteuts, such as the
elimination of all but the extreme figure points, would clearly he

needec to make this approach economical,

The method we have presently adopted makes usce of the perimeter of
the figure as its basis. Using 'ue perimeter, we tind the boundary of
the convex hull as a list of points. This boundary forms a connccted
ring around the remainder of the convex hull, which can then be separated

from the outside ground by a connectivity operation,

The valuc of the perimeter s a basis for finding the boundary of

the convex hull is a consequence ol Lwo properties of the perimeter

with respect to the extrome points of the character figure. The extreme

points of a figure are thosce that lie on the boundary of its convex hull

(The extreme points can also be defined as those that take on an extrome

value, over the set of figure points, of any lincar combination of the

o]




spatial coordinates J arnd K,) For example, in the quantized, hand=-

printed letler B in Fig. 3 (Serial No. 200 in our data base), all eleven
points in the sotlomnost row are among tho extreme points because they

all take on the maxilmum value of the vertical coordinate, J.

e R OR R o ke o e
#* Q *
* O 000000000 *
* Q000000000000 *
# 0000000 000 %
»* 00000000 (81¢1s) ®
* 00 0006 000 %
* 000 Q0 *
* 000 000 &
* 000 000 *
® 000 000 *
* 000 Q0N *
* 00000600 *
* "
* %
* *
& ®
& *
L L4
* *
* -
* %
* *
* *
* *
+ *
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0200000
uug000000
040 0000
000 0000
0oo 00
000 00
Q600 000
0no noon
000 000
Q000G Qoo
0000 00000
00000000000
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F1G. 3 A QUANTIZED, HAND-
] PRINTED LETTER "B

, Some extreme points are non~essentials they can Le removed frvam

B~ the flgure withoul changiag the convex hull, Mis s true, for examplo,
' of all the points 1n the bottom vow ol Fig., 3 except the endmosy two,

E E Polnts such as these two, called corner polnts, are the ones that de-
termt e the convex hull ol the figure,  All other {{gure polats ean be
discarded without changting the convexs hull, (Corner pointy can also be
defined as those Utgure polnts asswuming unte e extroeme values ol any
lincar cembinntion of coordinutes, toe,, extreme vialues not matehed by

any other fipure points,)




The perimeter of the figure has the following two properties:

Property P-5. All of the extreme points of the figure
{and hence, all of the corner points)
lie on the perimeter,

Property P-6, At any corner point, the perimeter turns
to the right,
A simple test tells whether the perimeter turns to the right at
the Nth peint, One calculates the unnormalized sine of the turning

angle at the Nth point,

I . { = - (K - K . -~ J .
(Jn+l Jn) (hn Kn—-l) (hu+1 n) (Jn n—l)

I1f this quantity is positive, the perimeter has turned to the right; if
negative, to the left. If 1t is zero, the unnormalized cosine,

{J DI € S | ) + (K

- " - K N
nt1 Jn n n-1 nt+l 1 n n~1
ig tested to see whether the perimeter has gone straight ahead or
whether it has turned 180° to the right, as occurs at points G and 2
in Fig, 1. {(Note that no trigonometric functions need actually be

evaluacged,)

An efli1cient procedure for finding the boundary of the convex hull
is therefore as tollows: go through the perimeter list and mark all
tnose points at which the perimeter turns to the right, The marked
points include all corner points of the figure. (The marked points
are denoted by X's in Fig., 4.) Begin with the first point on the
perimetor, which is a corneds point because it is the bottommost of the
leftmost flgure points,  Gu threough the marvked points, considering the
vector from the starting noint to cach one.  The marked point associated
with the most nearly vertical vectlor is the next corner point, which is
shown as B oin Fig, 3, Using the vector from A to B as the test direc-
tion now (instead of the vertical), go through the remaining marked
points and find the ene, €, such that the vector BC makes the least

angle with the vector AR, € is the pew corner potnt and BC is the new

11

!
3
!
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* 0000000C0000X ¥ * 0000060000006 *
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* Q00 000 * * 000 0000 *
* 000 00 * * 000 00 *
* 000 00 * * 000 00 *
* X000 000 * * 0000 ©00 *
* 000 000X * * 000 0001 *
* CO0 000 * * 000 000 %
*  X0000 000 * * 00000 000 *
* 0000 0000% * * G000 0000J *
*  X000000000X * *  AOGOOOVO00K *
b e 35 i e 3 3K e 3 ok e 3 ok sk A Kok sk Ok ol ko sk ok s sjc 3 e 3 34 3 e 3 ok 3k e ok ok ok Ak ok ko o ok ok ok ok
FIG. 4 HAND-PRINTED LETTER FiG. 5 HAND~PRINTED LETTER
“B"™ WITH RICKT-TURN “B* WITH CORNER
POINTS MARKED POINTS 3

test direction. Continue in this manner, finding corner points D, E,
F, G, H, I, J, K, and linally A, which completes the ring of corner i

points,

It remains to [ill in the strcetches of the convex hull boundary
vetween the corner points. Sincoe a straight line between two points on
the gquantized grid docs notl in general pass exactly through grid loca-
tions, some latitude exists in choosing the paths connecting corner
points, We have adopted the rule of butlding a path from one corner
peint to the next by taking horizontal, verstical, or diagonal steps as
directly as possible in the direction of the target corner point but
never outside of the line between the two points. Thus, in the example,
the first step from A toward B must be diagonal, up and to the right,

because a vertical step from A would go outside of the line AB.  The
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reason for this rule is that, by biasing the convex hull boundary to the

e oo

inside, we greatly reduce the number of insignificant concavities found

e 0

between the boundary and the figure as a result of irregularities in

e

the perimeter. The ground point just to the right of corner point D is

TN

an example.

i The completed convex hull boundary is shown in Fig., 6, It may be
noted that this houndary consists partly of figure points (capital

letters) and partly of ground points (small letters).

; : Hok oK A K KRR R KR K K Ok dOK K
B+
DXXXXXXX0XF *
XG0000000000G *
CX00000 00X *
BO00G000 00H *
x00 000 00X *
X 000 00x *
000 000x *
000 000 x *
000 000 x *
000 0000 x *
0000000 X *
0000000 x *
*

&

&

*

*

*

*

*

*

*

*
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000000000 x
000 0000x
000 000X
000 0ox
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0000 #11) 4
000 0001
000 00X
X0000 00X
X000 00XXJ

AXXXXXXXXXK
ek kR Ok ok ok ok kR sk 30k s R ok ok 0k sk

A
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L

FIG. 6 HAND-PRINTED LETTER
“B" WITH CONVEX
HULL BOUNDARY

D. Concavitics and Enclosures

Once the boundary of the convex hull huas been established and
transformed to an image on a 24 X 24 [ield, the concavities and en-

closures may be found guite directly using the Buolean and connectivity
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operations listed earlier, The convex hull boundary serves as a barrier
(see Fig. 6) dividing the ground into two parts: the outside; and the
concavities and enclosures (either of which may conslst of zero, one,

or more regions). The figure similarly serves as & varrier separating

the enclosures from the rest of the ground,

We define the border of the field as consisting of those ground
points lying in the outermost rows and columns of the field (J = 1 and
24; K = 1 and 24). That portion of the ground connected to the border
is found by applying the four=-connectivity operation; the remaining

ground comprises the enclosures,

A separate image is formed consisting of the ground, minus the
convex hull boundary, The portion of this image not counected to the
border is found; this portion includes the concavities and enclosures.
Subtracting the enclosures, which have already been found, leaves the

concavities,

After the enclosures have been found as a group, they are scparated
by the dissecting routine DISE48, They are then ordered by size according
to the number of polnts in cach, found by the point-counting routine
NUMPTS. The count of points in cach enciosure is stored for Juture use,
along with its top, hottom, left, and right bounduries, found by rou-

tine EXTENT.

The concavities undergo the same processing as the eunclosures. In
addltion, a =measure is generaled of the magnitude of each concavity and
the direction in which it taces out from the figure. These measures
are malyzed and tabuiated according to the cight major and sceonduary
directions of the compass,  This tabulation allows o subseguent decision
routine to determine immediately if there 1s a concavity facing, say,

up and to the right, without having to scan through all concavities,
E. Spurs
The spurs of a character are thuse strokes that ead in an isolated

tip, The letter X has lour spurs, the letter O, none, and the letter S,

one spur with the special property of having a tip at ecach end.  The list

) SRR 710 S T, 2o
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of perimeter points is used to find the spurs. (This description will
iargely duplicuate one contained in the Third Quarterly Report, which
described the finding of spurs from the shell of the figure. The full
description is presented here [or comploteness, and Lo iacorporate

recent changes.)

Consider two pointers moving together down the 1ist of perimeter

points, with one pointer ahead of the other by, say, 14 places. As the

pointers move, we calculate the Euclideon distance beotween the two

perimeter points indicated by the polnters. Most of the time, this gé

distance will be approximately 14 units, A sudden docrease of the

fz distance between the two points to a minimum that is less than half its
s ‘ typleal value indicatoes that the perimeter has gone around a sharp band--

_; i.e,, has gone arcund the tip of a spur, The position ol tho spur tip,

3 indicated by the perimetcr point halfwuy on the list beiween the two ]
O minimum=separation points, is tho primary spur leature usod by the :

present clngsification routines,

Once the spur bas beon found, it can be traced by the “caliper
’ . ¥

3 method,” Imagine that the legs of a pair ol calipers are placed at the
i two minimum-separation peints. The calipers are then ''s11d” along the
é spur by stepping tho legs of the calipers ulong the porimetor, away

“fﬁ from the tip. The calipers are woved as [ar uas they can go without
vi having to be spread by wore than, say, seven units. In somg cases,

(1}

guch as the numeral "6," the calipers will be obstructed by the body

[
+

of the figure and must step,  In other cases, such as thu letter s
the lepgs of the callpers will travel all the way along the figure and
mect at the far end, indicuating a “stugle~stroke’ figure.  The wid-

point of the moving callpers traces out the backbone of the spur, and

a list of the mid=point positions can boe stored to represent the spur,

Consideruble cexperience with the spur-finding procedure to date
has shown it to be an el fective method of finding spurs and lecal ing
their tips, However, as the method {s presently constituted and used,
there is all-or-nothing aspect Lo it as a4 conscgquence of the fixed

critoria cmployed, As i result, there {5 a didcontinaity in the

15




functional relationship of the spur features to the shape of the
character image, as the spur test reverses 1ts decision. It is im-
possible, however, to devise an all-or-nothing test that will accept

all spurs {(no matter how thick or garbled) and reject all acute corners
and narrow loops. 4 spur test with the quality of "graceful degradation”
ig needed--one that produces a nenbinary "moasure of spurness.'  This
quality has been huilt into the measures of nther features., The con-
cavities, for oxample, are graded according to magnitude and degree

of orientation in eight directions, Conslderation is presently being
given to vardations of the spur-{inding method that will yield the

quality of graceful degradation,




; III STATUS OF THE TOPOLOGICAL PREPROCESSING
!
: AND CLASSIFICATION PROGRAM (TOPO 2)

i The Lopological preprocessing and classificatioa pregram {(TOPO 2),
which was introduced briefly in the Fourth Quarterly Report, has been
- fully implemented on the 8DS 510 computer., TOPO 2 is undergoing con-—
- tinuing testing and modificatioﬁ, 50 the pirture presented here will
- E be a "snapshot' of the status of TOPO 2 at the end of the period

covered by this report,

A, Preprocessing

A TOPO 2 takes in a 24 X 24 quantized character image from paper
‘ tape or magnetic tape and subjects it to the preprocessing operations

described in this and the preceding report,

fince the main seguence of preprocessing operations is based on
; 3 the presence of a single, comnnected character image, a special test is
E 1 first made to detecl the anly character in our alphabet that should
Z Sr_ appear in two parts, the equal sign., i{ a character has two connected
] i regions which fall within the allowed bounds of sirze and relative posi-
% { tion, it is taken to be an equal sigh and is not preprocessed further.
Qther characters, notably those with crossbars, also appear with multiple
connected reglons at times, Therefore, any multiple-region character

failing the criteria for an equal sign is forcibly reduced to a single

regton, first by bridging the gap botween regions, or, if the gap is

\ i too great, by delceting the lesser regtion(s). Coaversely, uan equal sign
may appear e oa single connected {igure, in which case it passes through
the usual processing, and may be evaluated as an cqual sign by appro-

. priate tests,

The preproces=sing operations determine the follewing for the con-
Y ; nected figure:  its vertical and horizoontal extent; its slant and curva-
ture LU it ds a tall, narrow fipure; its concavities, its enclosures,
R fts spuess, and Lts profiles as scen from the tour mijor directions. In

the course of these operations, the perimeter and ihe convex hull are
ilso found,
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B. Intermediate Steps

The preprocessed information goes through two intermediate steps
before it ls ready for the classification routines, The purpose of
these steps 1s to predigest the information for the classification
routines., The need for such predigestion may be seen by considering
that 46 classification routiises are reguired, and cach routine will
censider an average of perhaps a dozen items from the preprocessod
data, The writing of halfl a thousand pleces of computer code would be
extremely hurdensome, so it is vital that the preprocessed information
be properly organized and appear in the form of varviable quantities

that can be used direcily by the classification routines,

The first intermediatle : tep conxists of rearrangement and tabula-
tion of some of the preprocessed information. The enclosures are sorted
by size, so that a classilication routing can easily relerence the
largest (hence, the most definite) ones. A tabulation of the concavities
is made according to their magnitudes and the dircvctions in which they
fure, A similar tabulation is made for the tips of the spurs, specifying
the degree of closcness of the closest tip to the top, to the upper

right corner, to the right side, etce,

In the second step, oue or more confidence~loss functions (CLF's)
are calculated for each of the important preprocessed guantities, Each
CLF indicates the loss of confidence that the character in guestion is
to suffer if a given atiribute is cxpecied of it. The loss function
transforms the original measure of a preprocessed quantity into a
numerical quuntity usable by the classitfication routines without further

computation,

As an example, we consider the CLF's pertaining to up-facing con-
cavitics, The concavities have been found by the preprocessing routine,
and a measure ol the presence and magnitude of an up-facing concavity
has been tabulwied. This measure, which we may call MCONC(UP), is the
maximum (over all concavities) of the up-directed component of a vector

indicating the size and direction of each concavity.




e Y

Figure 7 shows threc CLF's based on MCONC(UP)., Function LYCONA,
shown in Fig., 7(&), has this interpretation: there is nco loss in confi-
dence if there is no up-facing concavity. If, however, there is indi~

cation of an up-facing concavity, a loss is incurred which increases

100
LYCONA
0 TN RO WS TS O
10
MCONC {up)
(o}
100 |
LNCONA
0 1 L ' 1 1 3
0
MCONC {up)
{b)
100
LNCONB
0 ) } I 12 H 3 g
10
MCONC (up)
(c)

FIG. 7 CONFIDENCE-LOSS FUNCTIONS

with increasing up-strength. By the time MCONC(UP) reaches a value of
7, there is practically no doubt that the figure contains a true, sig-
nificant up-facing concavity, and thc full loss is incurred. Function
LYCONA is thus appropriate for inclusion as a term in the evaluation
functions of character categories such as the numerats 1, 2, 3, 5, etc.
and the letters A-G, I, 0, P, ctc., where one never expects an up-faciag

concavity.
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Figure 7(b) shows function LNCONA, which represents a loss in
corfidence if there is not an up-facing concavity. LNCONA is thus
appropriate to the evaluation functions of categories such as the
letters U and V, Function LNCONB, shown in Fig. 7(c}), alsc represents
a loss in confidence in the absence of a concavity, but more conserva-
tively than does LNCONA. LNCONB might he appropriate to those characters
with smaller {and thus more readily obscured) up-f{acing concavitles,

such as the open-style numeral 4 and letters H, M, N, W, X, aud Y.

As the example shows, more than one CLF can be applied to a pre-
processed feature, cach CLF reflecting a commonly used evaluation of an
attribute of the character. The ramp nature of the CLF's represents
the gquality of graceful degradation that we believe is vital for features
used in character recognition, especially when the "recognition’ of
characters is really the assignment of numerical confidences to cate-

gories for input to a text reccognizer,

c. Classification

The classifier scction of the TQPO 2 prugram yiclds, not a unique
category assignment for cach character image, vut a list of alternative
category assignments, each with a confidence measure, Each confidence
measure may be considered an estiimate by the classificer of the conti-
dence (or probability) th the observation (the character image)
represents a member of the ussociated category. The confidences range
from zero te 100; in practice, most of the 46 values generated for a
character are zero. The present version of TOPC 2 calculates the con-~
fidences independently, and does nol normalize theiv sum to 100 or any

fixed number, Hence, the confidences are not true probability estimates,

The basic expression evaluated for cach category is a simple sum of
conlidence-loss functions for those attributes pertinent to the category.,
For example, the total loss tor the letter-B category may be the sum of
losses incurred lor: an up-{acing concavity (hence, LYCONA)Y, a doewn-
facing concavity, ho right-facing concavity, spur tips on the right
side, lack ol an cnclosure, and lack of a scecond enclosurce.  The sum of

lasses (limited to 100) 1= subtracted from 100 to give the basic
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confidence measure. Ideally, a well-printed B will satisly all the re-
guirements well epough to incur no leosses and achieve a confidence of

100, Most other characters will incur losses Lotaling 100 or more and

=3

be given a confidence of zero in ihe B catcgory.

If the variations in hand=printed material were adequately covered .
by a straightforward sclection of topological features, the classifica-
tion routines could be uscembled with ease. (Furthermore, this or ey

other methods would have solved the character-recognition problem long

apo.) A look at Fig. 6, however, indicates some of the problems with
the B category and gives just a hint of the gamutl of problems cncountered
in hand-printed material. Although a B nominally has a straight left
side, the example in Fig., 6 has two scrifs that form a large coucavity

on the left, The serifs are almost large cnough to be found as spurs,

as they are in wmany B's.  In others, the cnclosures are broken open or
werged into one large enclosure.  Thus, contrary to naive expectation,
no loss should be incurred {or left-side concavities or spurs, and only

a limited loss for the absence of two enclosures,

In a program such as the current version of TOPO 2, where the
evaluation f{unctions are designed by a human proprammer, consideorable
expericence with real data is required to improve the sclection and
weighting of the CLF's.,  The prosent effort to develop TOPO 2 is larpely
devoted Lo this task, through a repeated cycle of programming, runuing,
observations, and cvaluation., The human designer has recour=e to several
avenues of flexibility, e may ameliorate the of feet of 4 CLE on a
particular category by dividing it by some Pactor N, so that the maximum
loss incurrable as a result of the correspoading feature is 100N, e

may turn to the preprocessced dita to devise wew, taitlor-made CLF's.,

Finally, the desipgner may turn to the origina) image or any ol the
information that has been pencerated during the processing, to perform
any catcutation required 1o a special cuase, Lo TOPO 2 this bast ro-
course is used, ta perform a detailed diserimination, ondy when the
basic confidence measures have singlod out o paorticular set ol caleporyos,

For example, o detailed calecultation to adjust the relative contidoenee




o st

af the § and & cvategories is performed only when those categories recelive
non-zero confidence measures {rom the basic ovaluation, There are

presently aboul twenty ol (hese detailed caloeulations,

. Clausilication by u Learning Machine from Topologicul Fealuroes

Given the act of proprocessed topolovgicud leatsres from TOPO 2,
which we have suggesied ave highly sultable Por classitication, 1t ig
natural to ask whulher (hese Tealures cuan be input to o learning mchine
to perform the clussilicotion, It the learning machine takes the toem
of a plecowisce lincar machine, the dot product sums Tormed lor each
category can be related to the dedired confidonce measures, Inoany
caxe, the effectiveness of the topological={enture plud learntng~machine
combination can bu examined by the usual moethod ol counting firs{-vhoive-

correct claxsilications,

It soemy best (o present the fvature nformation to the fourniny
machine i the foem of CLFP %, stnee thoy are stagle variables, bounded
and continuou:, and they retleel our estltmtes ol worthwhile parumelorizoa-
tlone of the preprovedsed toaformatton. The baste CLE's of TOPO 2 caver
mast af tne proprovessed fnforw ton, bt to give the Tearsing machine st
buetlor chanee to mnke the spectal diseretainat tons =«uch as G=3, we shall
also give the meehine the pesults of the special caleulations when they
are perlformed, This will put the revised TOPO 2 program that propares
the leavning=machine Peadturea {0 the curtoun poxttion of having to
caleitiote The existing had=dosigned basic vonlidenee meddures sofely
tn order to know whieh special deature valeulations to pertorm, 1t i«
reivantble to use this Cwastelul” procedure tor the purposas of tndt Ll
axpocimentat fon, aned to consider other techntques 1 the expoerimoental

resgl Us are encourag iy,

A version o TOPO 2 whileh wibi peepare the requived fealure vectorn
fq ocurrent iy tuing wrirtton, A tarpe nubher o charactees will e
processed throaph this program, amd the resul g dita taed to torm
trainiog aond Coesvang et o tor the bearnohp machion, A at boempt o wi 1]
e omcede Lo Gee an tearnitnpg-mactine bradntong data those charactors that
Bav e been weed Por henar teganenge” during e developaent o The cvad i -

Pyar benction- i topor o
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We shall report subsequently on the results of the learning-machine
experiments, which will afford a two-way comparison: with the results
of the TCPO 2 evaluation functions working on tho same preprocessed data

(see fthe next section), and with the results of the same learning machine

working on the vepry differest preprocessed data provided by the optical

mask preprocessors, descerihed in the preceding reports of this project,

k. Experimental Resulis i
%-

The TOPO 2 program was used, in the forwm that it had at the end of !

1

the period covered by this report, Lo process several sets of hand- H

printed data,  Although the output of TOPO 2 consists of lists of con-
Pidence measures, the simplest and wost familiare performance wmeasure is
obtalned by specificaily classilying the character in the category with
the highest confidence.,  Tho resulting simple measure (classificatinn

error rate or success rate) may be used lor compitrison with otner types

ol experiments,
1IN Authoprs 120

This experiment was porformed on g set of 920 characters, con-
sisting of the fierst FORTRAN alphabet coded by cach of the first twenty
authora eoam whom we collected our data basce.  The crror map for this
expertment Is shown in Table I, The crror map shows a blank for cach
chatacioer correctly clussifred by TOPO &, L,u,, vach charweter for which
the correct category received the highest confidence score,  For cach
character tncorrectly classiCied, the cotry jndicates Uhe character
citbegory veceiving the highest score, Thus, the cvrror map contains the
same intormation as a confuston malris, and nlso points out the individual

miseclassirred charanetors,

The overall classiltication error rate is 1R77920, or 20 per=
cents There bs i wide variatlon bn the crrar ratea lorp individual
authors-=all the way From 2 46 Lo 19 16, Low crror eates appear to be
correlivted with neatpess of printing, stroke shacome... (hiph contrast

o the page and smalb o ratio oF stroke width Lo charietor slze) . and lack

ol ornamentat ion,
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There is also considerable variation in the error rates for
individual character categories. Some characters, notably those with

the simpler shapes such as the peried, minus sign, 7, and L, have error

rates much lower than the average, The two most cluttered” characters,

the asterisk and the dollar sign, have high errcr rates because they are
generally the most poorly printed, The asterisk often appears as a 'T;
curiously shaped or formless blob. Of the twenty dollar signs, only one

had the two enclosures that would normally be expected between the S-

et

part and the vertical stroke. Devising features applicable to these

categories 1s extremely difficult.

The twenty alphabets classified in this experiment may be
considered training data, in that they contained the characters processed

and studied by the human designer during the development of TOPO 2 to its

present form.
2. Authors 21-40

The data set for this experiment consisted of 920 characters,
the first alphabet coded by the 21st through 40th authors from whom we
collected our data base. These twenty authors were largely personnel
of the SRl computer center, whereas the first twenty authors were

personnel of our own laboratory, the Artifical Intelligence Group.

The error wap for this experiment is presented in Table 1X.
The overall error rate is 266/920, or 29 percent. The alphabetls used
here represent independent test data. They were neither examived nor

processed by TOPQ 2 before this experiment,

A number of possible causes may have combined to produce the
difference in error rates between this and the previous expeviment.
(The combined statistical uncertainty is on the order ol 3 percent, which
is insufficient to account for the difference.) First, of course, is
the difference in perlormance between training and testing data, which
we have usually cencountered in our learning-muchine experiments,  Second
is the possibility tnat more care in printing was taken by the personnel

in the Artificial Intelligence Group, because of their greater proximity
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to the project or the way in which the coding task was presented., We

tried, of course, to minimize this difference through our instructions

to the authors. Third, the document scanning, which reguired the assis-
tance of a human operator, may have been performed less carefully as
time went on, A fourth possibility, that of a general difference in “
coding styles, appears gquite unlikely because of the similarity of back-
grounds between the two groups of authors, Finally, there is the possi-

bility of statistical fluctuation on an author-by-author basis., To the

extent that each person prints with a characteristic level of neatness,

clarity, etc., the characters printed by him are not statistically

: ; independent events, The governing statistics then are those of 20 inde-

pendent authors, not 920 independent characters,

H 3. Authors 41-49

E The data set for this exporiment consisted of 414 characters, %
K the Tirst alphabet coded by the dlst through 49th authors. These nine

i authors were personnel of the computation staff at Fort Monmouth,

The error map for thilis experiment is presented in Table 171,

The overall error rate i 1007414, or 24 percent, The nine alphabets

represent independent test doata, It may be noted that the error rate
un these data lies c¢loscer to that on the "training data”’ (Authors 1-20)

than that on the test data of the previous oxperiment (Authors 21=40).

Tho next two oxperimenty were performoed on quantized hand-
printed data supplicd to us through the courtesy ol Noel Herbst und his
colleagues at the Thomas J. Watson Rescarch Center ol the International
Business Machines Corporvation,  The dala supplicd wore gquantized with
approxtmately 30 X 30 resolution,  We brought the donta down to our own
raster size of 24 0% 24 by casting out rows and columns wherever necessary,

and relorratted the data records to mateh our existing programs,

', Casey's Data: Letters and Numerals

A data base contathingy hand-printed lTetters and numerals was

collected by Richard Casey from personnel of the THM Rescareh Center,

tn omuch the same way that we collected our aata base,  Each coder wroto
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the 20-~lctter Fnglish alphabet plus the ten digits., Since some of the

pon gl i

caractors were omitied in scanning, howoever, the ddata were not pre-

TR

cigely ovganized by aulhors. Insteud, the Tirst twenty samples of each

catogery o the data tape wore used,

The TODPO & program was lreatoed as o J9-category clussifler for
i B 1

[ I

this expormment by lgonoring all responses from the categories of the ten

special FORTRAN-aiphabet charvactors,

The data set Tor the expertment tneludod TOO eharactors; the

[ P N

Jth catogory, Tetter &, was nol processod bocaguse the coders wore not

tastructed 1o putl oo croanbar on %, A Tisting of {he orrors is given in
Table [V, The overall erver rato was 1807097, or 21 pereent, Thizx rato
doos pot fnelude three awnerad 1'e peisted with sepiis, and {1 counts as !
correet TR unxlashed mameral ' recogiized as Of s and aix unslashed 1's

rocogntsad as numoral s,

1 the reasults of the oXporiment ol Authars J1=40 are ro=
evaluated, vonstduring only the 368 alphabetice and numerie catoegourien,
the eeror cate ba towad to he FST00, or 90 percent . The differonce in
tates fa due fo some combtnation of the factars Trstad:  different eodlng
vhvironment s, dif ferent acannling methods, possiblo ditterence {0 coding

atvie, aatl poasibile statistical luctyat fops,

The peclormanee of POPO 2 on Cianey'= data fas cascd our eaesevi
that thoe peogram wlght be “provinetal,” 1,00, slantod toward our own data
wid methods . This experiment s demonsteatod the abi ity of 1O 2 to
woark o dbiita geiterated by oo diffeeont seatning svotem from dit foeront

novpee dovuments al a completely fndependent researeh organtzat fon,
0, The Hackroon buats

The recond data base provided by PHM wan the "hackroom (hlln,”
vonslating of hand- pricted mimerstn prodacod tn e courne of pout e
operattons by dour tnventory clepeha bn o departiment ntope, These data
ave consbdored quite Tolean™ s The clerhs 60 e bk foom worh oo more
controlbed environment aed are probably aabjooted to oa Jenner variely o

pressures than the saless stant . When vhe guant pzod numerals are divplayed

S
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; Table IV
CLASSIFICATION ERRDR LISTING FOR CASEY'S DATA
Category | Misclassifications Total
3 1 - e 0
2 34185 5
4 3 PE&PI G 6
. 1 YUYl 1
o : 5 FFF 3
; 6 GGBGG GLF 8
. ! 7 Y22 3
i 3 8 BBBRE 99 7
o : 9 84p14 7 6
L ; A - - #
' A MP 2
A ; B QUDAD P00 8
; C G8G a
L ) 0GR 3
] k GGBGG 8F 7 i
5 F CK 2 ;
] G 66U 3 |
. i MMMDPM UPM 8
E I F8F 3 !
] ; UVIXY o9 7 ;
K LBGH 1 i
1 L PFRX? EE 7 ;
A M 1N -‘, :
o N MMEM 1
o 0 usin K
A f |
. Q WOOOP PRAlB 10
g B K !
5 HEHED B1hHHL IHAD 14
"3 T Y !
B U XKK 3
v wy Rt
W HNNUN b
4 X vy B
1 Y i ! !
7 net processoed S
1aw, 697 2170
3 Noter 2 andtentes all 36 conlidences were voro,




at the corputer, they are clearly much betier formed than the numerals

in our own data base,

The data set used in this experiment consisted of 100 examples
of each of the numerals 1-8. Numeral zero was not included, since it is
not slashed in this dota basce. (We could, in the future, include the
zeroes and treat them as letter 0's,) A listing of the errors is given
in Table V., The overall error rale was 33/900, or 3.7 percent. This
error rate was achieved, it should be emphasized, by a classifier in
which the design effort was spread over 46 categories instead of 10,
and f{or which nove of the backroom data base was used in the design

process,

Table V

CLASSIFICATION ERROR LISTING FOR BACKROOM DATA

Category | Misclassifications Total
1 - 0
2 I 0
= 52222 3
1 - - - 0
3 - - - 0
6 THEBOBHN?HY 11
7 22 2
] A4 5
9 4487445548 10
¢ not provessoed -
33/7900=3,7%

Note: 7 indieates all 10 confidences were zoero,

. Plans for the Near Future

Our attention ts presently turned toward the experiments in which
# pleceowlse=linear Tearnling machine will be used to classtty the feature
veetors obtained from the modified TOPO 2 progrim,  The presultsz of these
expoeriments should provide vatunble tnsights as to whether the e

provessing or the classtlication fs Che area o whiteh our development
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effort should next be concentrated. In addition, we already have
knowledge of areas particularly requiring improvement. In preprocessing,
we have discussed in this report the need for spur-finding features with
the quality of graceful degradation. The classification error maps show
groups of often-confused characters requiring further refinements in the
classifier and new features from the preprocvessing. There is a stroug
suggestion from the experimental vesults that the original conf{idence
logs functions were applied too harshly in general, We arc considering
revamping the program to enhance the »verall guality ol gracetul degra-
dation by providing more conservative CLF's to a greater number of

features,

Finally, we are bLeginning to cxplore the tepic ol adjusting, or
tailoring, the classifier to fit the printing of the individual authaor,
we have purposely held off on this approach, which will involve addi-
tionnl training effort or complexity., But there are instances (numeral
1's and slashes belng the classic example) whore diflerent characters
printed by different authors are similar or tdentical., PFurtheemere, in
most cases the variations of a character produced by o single author are
far loss than thoze for the whole population,  The learntng-machine
experiments will provide a conventent {rumework for explorting the
tailoring upproach, We will be able to “envlebh” the teatring set with

data produced by the test author(s) in any amount Crom 0 to 100 percent,
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IV  DESCRIPTIORN OF PROGRAMS FOR SYNTAX ANALYSIS

A Introduction

Our general approach to the use of the syntax of PORTRAN to rosolve
ambipuities in character recognition wios described in the Fourth
Quarterly Reporl. OQur work to date has beenh restricted to isolated
statements; thus, no information from otner parts of the program, such
as variable names or statement labels, has boen used dn trying fo ve-
solve a particular statement,  While much remalns to be done to complete
this effort, Lhis work has progressed sulfictently to warrant documenting

it in more detall,

The most sceurate deseription of the program (s given by the listing
of the progrum ftself, and this Histing s included o the Appendix,  The
Tiating gives the exact detinitions of all of the LISP functions used iy
the syntax nn;ﬂ)-;zm'-, together with values of porametlers.  Such a {isling
can be traced withoul (oo much trouble by anyone fam{liar with LISP once
the general structure of the program ls khown amd he poeneral purpose of
the most important tunctionx i known, Tho purpose of this section is

to supply this needed background materiag,

", A{imunl\t fons

Although our approach to using syntax (0 rosolve ambiguitios
should be upplicable to FORTRAN gencrvally, the detalls depemd an the
prticular dialect bsed,  Our program ts written speocilieatly top
FORTRAN [l as descertbed tn the Sclentifoe atu Seslems rolorelee manual
BhS 000003C¢,  Answers to all guenttons ol whal i3 or is ot syntacticnily

correst are based on the Backis-noraa - lorm deseription of 51

5O FOITRAN
FD given in Appendis D ool that sl

The tnputl to the propram ts assumed 1o be oo it of 1ists o
character-conf bdenee patrs obtadbned Lrom Chie chassot b ter, Phas the in-

put, called a P=1isat, has the form

Wi

¥
¢

k]

H

:
+:
5.
i
H




Pos(ly L, oo L) ,

2 i

where the (th top-level clement L. corresponds to the Lth character in
- i R

the statement,  ¥ach tep=level oleoment 16 a so=called L-list and hus

the form

L Char (an Char, Con, ) ... { Char Con

= i 1 > ( 2 2 ¢ b m) )

whepo Chl\l‘i ta the ith chotee Tor the eategoery of the character, and
Cc,mi 13 the contidence For that choiece,  For oxamploe, the scanning of
an ENDe=stutomont migint reault in the followiny Polist from the olassi-

fier:

Poeo({ (8 GHY Goun) (610
{0 N BOY (W 20 (H 10Y (Y 10) )
C (03 My ) ) .

whun we are ondy tnteroated tn the alternativen for each elitracter,

PU bn rlmpier 1o urke nosedllod A=iaty baviag The form

whero eoch K -lilst haw the Torm

K o« (Chay  Char ., Chay ) .
i o h

We have af tempted to use Tl notation cotdntently, wo that by
losking at e arpuments of the functton one o ean bed D the it of data-
slraectitre | Veombanl to o roecaeive, Feor thy s soame poanott, we lave teied
to e -: to dentolee o bist ol vharaciers meant Lo boe oo oeantnpg ul paet
Gf o FORTHAN statement o and have teod e bepinnd g, with !‘ foy
thpesdu b dss, Eaxeeptions extst, however, cund the feader dhoubd constder

this priomer Iy an o gencral puide,




Frra.

As mentioned previously, we assume that the P-list from the
classificr corresponds fto a single FORTRAN statement, This may corre-~
spond to one or more lines on a cedihg sheot; depending on whether or

not the statement was continued, We agsume that the minor task of

checking for the presencve of continuation charvacters in Column 6 and Dok
propurly ateinging the continued lines together to yvield a P-list for

a complote statement has heen done by the time our currenl tLop=level
funetion is applied., We also neglect the label field, assuming that the

P=1ist beging with the character {n Column 7,

Finally, there is the matter of spuces (blanks) in the field,
In principle, ul) spuces could be deleted from statements other than
FORMAT gtatements, since, 16 no errors were made in vecognizing the
charncters, spaces would be deleted by the compiler anyway, However,
Apstces are very valuable in ambiguous situations,  Fopr example, the

recognition of
bo 23 1-1,7

as . DO~statement ts greatly alded by the presence of the spaces,  Thuy
we have decided to retadn spaces in the Peliats durtng the inttial
apalysls of the statements, removing only repoated spaces,  This loads
to occasionul annoyancoes, such ns the need to treatl GO TO and GOTO
separately, or the peed to treat 1F [ and IF{ separately, lHowever,
thin ix a relatively small price to pay for the aigniticant fmprove-

ment in the abllity to recopgntze stutoment types,

(. Goneral Program Stracture

(I8 Overall structurc

The present nyntax abpalysis program bs o tunction called
sulpl. Dte arg enty pyods the P=list obtatned from the cluassifor,
and Hs vitlue s et ther an S5-11st representing our resolution of the
stutement, or an eorvor message {hdicating the inabi ity of the progran
to resolve the statement, HU can be Chought ol as wCmatn program whieh

starts the Job of pansing Che program (o variows subrout fnes, It

dh
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formal definition is given by
st{p}l = stype[ space[p] ] .

Here space merely reimoves leading and repeated internal spaces from the
P~list, stype is the main function for determining the statement type.
1ts operation depends on the fact that all FORTRAN statemenls other
than the aritlmetic-assignment statement begin with a "control’ word,
such as DO, FORMAT, DIMENSION, ctc, 1t uses a predicuate _;g:_n‘[p como: i
which measures how well the {ront of the P-list matches one of these
words, To be more specific, gm is true if the average vonftdence of
characters in p corrvesponding to characters in the control word m ex-

ceeds the threshold h, and is false otherwise,

dtype considers control words one after another until cither
gm s true or all control words have been considered, in which case the
statoment is assumed to be an arithmetic-assigiment statoement., In
vithoer case, the value ol siype s the value of o spectalist Cunetion
written specifically for one stutement type,  For cexample, if

gmofp ;s CCOMMON) ;b ] is true, the value of pe 1s the value

AR
e eade

of ueom{p], a functifon weitten specifically to deal with COMMON

statomoents,

There are 34 of thesde spoeciolis=t functiens For speciflic statoees
ment types, and (U {s difficult to say anything it pencral abouc them,
other thaic the fact that thedr pames bepgin with the letter My, ™ Howoever,
many ol them make use of what amounts to o ibrary of other funetions,

and these will be desevtbed briceily,
2. Utility Functlons
e« Ayt bty 4 e b e i g A

lu'-!_ll.\:i\l: Returns the Tist of cloements opne to
nolrom the Lint s,

‘ln the Appendrs all tunction dedtonttron, are prven v wo=cal bod -
exDresciion notatijon, For coase o reading, 1 Tomuch et ter boo e
meta-tanpgaape o A expressitan nol ation, The vuatern dTor traocabating Trom
";"\ﬂlﬂ.lrn_}l'.l_i (MIT Prea-

one o the other are paven in sl 1, l'l'(lLI‘:llIIHH‘I‘
Cambr tdpe, Mecoachusetts, 18962)

'
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tail[x;n}: Returns the 1ist of elemenis n on from

the 1list x.

g€ [x;m;n]: Returns that part of the 1ist X strictly
between the mth and the nth element,

neln;x}]: Returns the nth element of the list X.

inside{x]: Returns X stripped of its first and
last clements,

alt[p]: Recturns the A-list for the P-list p,

3. Utility Predicates

letterpiy]: true Lff the atom ¥ is one of the
tweniy=-six letters,.

digitplyl: true i1ff the atom ¥ is one of the
ten numerals,

anplyl: or{letrterpfy]

;odigitp{y]].

HpeciaIE[y]: truc 1{f the atom ¥y i one of the
ten special FORTRAN charactoers,
The following atoms ure used Lo
represent these characters:

atom charagter
LB {
ES =
AS *
5L s
PL {
MI -
PE .
Cco ,
bs $
Ri ]
slgnplv]:  orfeqly;PL]

memberdp v S ) trae Qi e
i the clitracters

vontidence

4, Syntux Predicat es

Fourteen predicates have boeon wiltten

FORTRAN forms, such as variablie names atul

pitlrs

Poeglving

the charnctep-

vxpreccs bone,

it

i

.‘,;,
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are S-listy, and they are true if and oaly if the S-1ist is o synlacty-
cally valid torm. The predicates are closely relfated fto a family of
funcilions which remove vulld Torms from the haad of an S-list; the
names of these Tunctlons wlwavs begin with the letter s, Table Vi
gives the feourteen prodicates, the syntactic forms they test, aimd the

{functions they call upon,

3. Dyuamic=Programming Functlons

The two most jmpartant funclions o dynamic programmlng ure

build aond peeloff, They correspond to the constroetion of a graph from

W Pelisgt and the pelraciog of that graph For tihe string of next lbower
total confidence, the detatls of which were desceribed tin the Foirth

Quarterly Report.  To be more apecific, bnild has one argusent, o D=
Tlat, and eroaten o st v orepresenting the geaph,  This Tldt s best

desoribed with tho dd f un oxamplo, ifr

poeo (L0 QY (8 4u))
(O 10Y (¢ am) )

thon

vooo (O (ERD LO, quY) (70 (0, DY)
(o (L 0) (L 0)y) ) .

In general, i p has n tep-level vloments, then sio doos vy
but the corpespondence betweon thom by oo roverse order; VI\' he }}_lh
tap=level element of v o coprespoirds to The mth toprievel element of p,
whoro m no~ ko, Novw \‘k P st Pt whiosoe o bements arve ot vl thes
tollowing torm:

{ Can (Chiay

o Congy (Char, v Con ) oy (Char

. Uan ) .
1 A

Thee farat cbement, Con oy the cumulbatvve conbideno e that can bie ol
i
tatned by omaking coledtrens of v haracters from the boest o bbb dn

I The foltowpng clewme oty are detted paves whive e tell () whien

RE.




Table VI

FORTRAN SYNTAX VREDICATES

Prodicate
WAL

Forn

Functions

exXpy
axplp

Srnutp
varlablep
fdentiflteep

bidliuty
ftilistp

Bintlistp l

tufdiatp ;
|
{
Pnteygaep ;
intirsiep i

intpatrp

dindlistp

Jimbiutp

T

expression
exprossion=-lisgt

unsighedeoxproesnion
Lorn ]
Jugtiop

pyinary

brackelod-oxprassion
bracketod=uxprossion=1ist

cuhslant

sighod=tntegor
variubleo
tadgntifior

bracketod<jdontitier=Jtiat
fduntifior-}iuat

bragkoetod=integor=1isy
trroegar=-1iat

intoger-libel
{uloger
itegar~teiple
intogerpdr

dlmeopsion-lint

B ke todeidmit el ey
Phad i1t

Timit

OSSO

4

LR 4]
sexpl
seocXplon
Anaxp
ssoxpon
slorm
sfantor
aprimurey
sy lon
shoxp

shoxpl

srh
alonterm
roonfactor

deondLant |
sprofix !
sprodet i

sintogoron
sindoton
HOOR

Heint

Avipp

sid

LY LR
aboxplin
¥hLidliisy !
afdlise ;
acodilaton
Jhlntlint
siht]inst
seoint]hatan
sintogoerl
sinteger
stattriple
seointpaty
wintpatr
seninl
stbbmliat
~eodtiml i cton
shiimbisg
slamlist |
sealimiston
S1im

nslsinton

R




charactor (o sclect from the mth Lebist, and (0) what will b the

corredponding vumulalive conbidence for the (k1Y ih vlesent of ©

[n our example, woe see Lo “'1 that we can oblain camulative
i ie

caonfidences of 80 or T8, and 10 we wish fo aobiatn 70 wo must{ woloct C

and have a cumulative confidonce of 40 in This happens (o be the

Yy
anly cuwmulative confidonce o v, and {1 can be achitevod by solocting

b4
sfther "B oor "EJY o goeneral, obe can choose any dexirog cumalat fve
conlldebes rhowh in Vi aith teaee back through the other olosents of v
to Tt all of thie steingx of characiors Team tho Polist that will vield

{hits lotal coniidenco,

The purpose ot peciofl s to allow this senvchtng 1o be done
gyatomal leally, vielding steings vorvresponding to saveeenively lowep
total conttdenves, Baich Thaw poolod] d= called, 0 poburie o biat e
the ferm (& o wly where no e the Sclinl stebng of clarsetisya, o be the
total confidonee ol thal wtveing, awl w is g Tint ol decinton-hintopy tnad
ta nesded for the nest vall ol peelel{o ttaell o famelioh of v v ow,
Tt tially, wo dtahe o - O and w - KU e olitadn the stytapg of highonsd
total confidoice,  Hepesdted calls wild vield atrtngs of sureennively
towor tetal contidence wna il all poreibtbition are caloiunted, 1 whioh
et porioll rotaivim NEL, Thee fanet b ,’,’,‘i“,‘ﬂ siel peetorl apae he

foltowing sublung o

QUL presell
TR N1 t Bl
adidon & Hurnasaes
put i tind
G duepend 1w
Parpest Phind
defote T

TR
g

Freac iy
Pl st
Pagediost

tu- oy




The funvttoen ﬁk-pz;gg{p ;opred] uses Build and peeiofl, 1t

oblafinys froem p the . lisl of highes! {otal conlidenve hal watisafies
fThe funviional =argument prodicaie ”gu*gnj," In principle, Hyprop can e
used in conjunviion with the syntax predicatos 1o obinin highoat confi=
Hunoe exprogsiond, vartablok, tntoper=lislis, oflc,  fn practices, {t i=n
usually mandatory (o do seme preoprocessing of the P=lisl before apply ing
Cyprog, However, the foliowing [uncuions 8ro avallabio 1hal use dyprog

et ly;

dosplp] - dyprop{pg funct ton{expp

dintiint{p] = dyproglp functionhintitaip] |

intlintip] dyprog{p; tonctton [ intdtstply

6o Funset fons for Remnldving Fopms
Hpeelal faneCions have boen wetften for the foltowing FORTRAN

torae s avdlar vaviable, {ntoger-tintl, brachoetod ot oger-Ttat, and v

prresaion, These tab tions 1oy fo prodiee o Ligh-von! tdenvy, vl td

FORTHAN dovm Pros o P=tiut, 13 thev euceesd, Uhey sedurit (he ot o

an doliet ) olherwine ey potsbrn N,

rq‘»e}iyqr{p); teturis thes hifghost contidesvo vapiable fitme

that can be ehtaties Trom b, ALTer Chevking that Che Pongih of poga

butween onme anit vight, 11 gnes starivar o seleet $he highost conl bdonee

telter o hogih the name and Pentvap and resivart to me e

Live Higliont
cottidenve slring of alphasumericn to o bete the e,
iu_Ul.n_l_{p!: retuian bhe Bighont cont bdone e Jint ot Fateyer

Pabeln  tntegers between b oamd B005Y w0 pavalea] by Coddndan It cifectively

pvepiar vanen Pl oot ey b IA_I.'-{‘ s bhie obvitanta PRl g veralan of

o st i preproceesing acvompl el threr Lirbagn:
CEY O e 1 Best s e i hed Lo maba sgee 1 hat
vach Lo lList vontal g ot fbeast o gt

oF conama (ad e opp, digeolp, digeap),

im s 8 snim e 845 e i,
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(¢) A1l chodees othoy than the Bighest contidence
digtt oand commu oare roneved from ocach fetisa
(lintiiar, digeo, combine, voon, digon),

(1Y The highosi confidence digiin are soloviod
for the firal amd the luat L-tinls, The
reaulting P-liat b8 given (o dintlisg te

i
PRSP

ehitain the Dol answer (intisstdl, plokdiget ),

Bintlipt{p] ¢ sumltst By votuine the ackoiod il of

L e A O e
tnteger-tabels havipg htghest 1otal condidoencve, P omoerely cliehn tn
make suee (hat the Diest and fast Lefieta (0 pocontatn fed b oand pight
brackets as poerible ebharavsors, aitd then passes fhe satn problow o

miaL,

2M[piz tmeae Bourielics Lo broak ah sajpreassiog (nto nghoxes
proesions wmall obough to be Leeaiod by dvitamic peogr vaming, Pl Gurto
ateatogy 1= o nelocl some of Ul apesvators 2 0 00 st thad appoear
da paErtble chavsvtere o e Poiist and vae them o break the Polbist
nle seginenta that are stoplier oxproaniones, P P hees eambidate suabes
prewsiohs ape sgiizcientiy nimple, e, el ivotent iy whort ) the dbvnamis
programmiingg fuho tian vap 5_&:;§J‘! proapmed boe o pesodoe Lheen, Pioadbl sl dhe
neghent s can bo suceesadiully resolved . T resulting S5 Histn are sbrung
togethor, seprrated by thw appeoprialc oja-ratorn, e viodd the tiaad
W weny, LEoany segmend con oot be o peeabved, anolher o neleeton ot

sprerators baounde awd the pocenn in repeataad,

The fuw tiosn pmlab returns o Fint cr namboes Jocating the
eclements 5ol the @ binl that are possthle operators, i othere ate o ngch
clements, o bbmary ntyple “upiu" o tned b oapead by o partaoubar et
Lion, Phie el s pnt bl by el Iy et Too e wb b e, el
s eens v s bect s bn obib b tresl Iy thvun-_il'.!l whrie i aiht pae B oene s
Phe binary pumber "apto, ™ o o Tiadb Joratsng the o peratars sodes ted i
Pproshaesd Iy }A!_I;‘(I'. e bl poecaibite cambiiuat ton o ot operadbors and aen
peratlors are teded, ctarbibnge with celeotaing bl apaatar This pro
Cediire tesds o Bipreah the P TEat bt maniy s hep b wopmenes ol et
postponing the conmader v ton of Tonger sepment o owhich cair got be haard e
asowieeb D by dy e be progp s g The maaxctiom boenpth Tt over paiven ta

Phe dvpambe propramectng bans Dvene 3 Pisesd I Ehoc Dhoe bbb L,




b, Specinlist Functions

Only 28 of the 34 spectalist Tunctinis have been wr{ttioen, but fhege
tnviude post of the mosi common Lypea of FORTRAN smilaieomenis, Their

operation will be desoribed briefly,

i, Deginration Statemonts

deom il ) CODMMED: applies fdliat (lempovarily svatlable usiug

dvprog and 1diistp) to the tafl of p that follows the control word,

Like mouat of the specicbiet Duitions to be dederibed, ucon begins Ly
remsving spaces with despare, 1 the tatl iz moveeasfully resolved, it
retiurns an S»ilet cohsixiing of the control word followed o) (he pe=

ruirlved tall; olherwizre U relUblis @il elPol measdgs,

wilimp ] (DIMENSTONY D applies dimbial {(temporarily avatlable

by depreoy and dislizip) to the tatl «f p following the control ward,

ainp] (FUNCTIONY D looka Lar the Dieat porrible left hravkod
ta breale the Pistl it o isme followsd by a hracketoedeldoentitier-iiatl,
f1 othe verolutton §o sucveaat 3o, the Holieies are slrung togethop sl pre-
taeneady D s, the pext pos i ble Telt brackel s scught and thie pracoaen

tre ropeatod,
usbretnfp ] (SUBROGFIRE) D us=es the mamo lagle as ulin,
4 Crmpial tont Blatemeils
teae fp b CARITRMETIE ASHTGNMENT) D foukn fap the fiesl pousible
vggtatd o wigit Gt breall The Potint fDito s mseatar variable Tol bowed by oan
vipua ] s En amsl an expressioan, T o the pesolution s sucvesastyul, (he 8-

Phat e strung together and veturied; 1l not, the mext porstble oguad

nipn bnosonght anl tae procesn e tepeadaed,

ucallip] (CALLY Y voturne el s fp] il the eesult bs oaot N1,
bt by aead b e bavbea b by the ssame logdo o ws albn o teving to aplbt

che Pobint tnto o nadee bodlowed by a hvacheted expieanion Tiat,
g4 Cantrol htatvmenl s
“Lil'h". ||£|-_ln||o| Ly 1O (1 the averape contidenor that the
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menl , amd the htghort canftdence ngmo 1o svlocted tor ihe tadd,

ade [pl (DOY:  dooks Tor the firel pessible cgual sgn o aplii
this tatl of the P-lint toliowing the control word Tnbo an fat e
tdontiiier folioved by ofther two oF {hree vapreasicir sopnratod by
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rlght bravhet <digit sequence, 1D Doaand, thies ts uned an fhe tental ive
apbil, and l_tiin: (tompirari iy avab lable uwing dyprog il tnttriplien)
teoappliod oo bhe vight hall of the Podint, 11 dhen farta, Uhe pead
ponrthie Pight heavhket ~digll o aveguein e e seght S another toplattyve

ba epedted, it |_§)1le_ sl e e enp Eaoapp) tead

split, ansd the pross:
to the bl b havt, a0 Uhte alue macveeds the sepavate 5 b inis are
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are ldentical cxeept {or the contrel word.  Foyr theso stalomeihts, ohe

tunetion, genio, s wed 1o resolve the tail of p follewing the vontrol i

followed

wurd, guiui‘: looks for o comus o «plit tho tat)l 1uio an Lulegey R
lf % By al input=output={iet, applving auml to the Yot half and jolist 4
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i ureaid ] (READ) .
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] wacetplp] CACURIT TADE)
. upthl {p (PRINT) .
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LINTING OF THE S¥YMBOLIC FILES FORCTHE SYNTAX ANALYSES PROGHRAM




(BRINY (QUOTE THISS FILE WAS CREATED ON €))
(PRINT (QUOTE 28-JUNE=19471)

(DEFINEG
(SeACE
tLAMBDA (P
{ COND
CONOY (EQUAL 8P (CAAAR P
(CLPSE By
(1T (SPACE C(CDR PYIYE))
{01, PSE
(LAMRDA (P
(COND
(ENULL (ChR PY)

B)
CLAND (FQUAL SP {CAAAR P))
(EQUAL 5P (CARADR B )
(CLPSE (CDR P Y)Y
(T (CONS {(CAR P
(CLRSE (COR RNy )

(NFL
(LARBDA tH L)
(PROG (M U)
(SETO A 1)
(SEYQ U L)
LOOP{COND
COFNUAL ™ N)
(RETURN (CAR UM ))
(SETO M (ADDEL M)
(BEYO0 U (COR UM
(G0 LOOP)Y
Vi)

{HMATOND
tLAMADA (L 1)
(COND
CENULL LY
0}
(LEQUAL X CCAAR 1))
(CADAR L)
{7 (MATEH2 (CDR ()
X1

(MATCOM
(LAMADA (P M)
(PROG (PL M1 C 1)
(SEYQ ¢ 0
{SEYQ D M)y
(SET0 Pt P
(SETQ My M)
[} {COND
t{NULL Hi)

44
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(RETURN (QUDTIENT C (LENGIH DI
(SETO € (PLUS C (MATCHZ2 (CAR PY{)
(CAR M1 ) ))
{SET0 PL (CDR P ))
(BETQ M1 (CDR N1))

- {60 a)
.4 1)
L {GM
LS (LAMBOA (B M M)
-0 (COND
P (CAND (GREATERP (ADDY (LENGTH £))
F , {LENGTR M)
. LGREATERP (MATCH P N)
S ; MY
o 1
. , (Y NELDYD)
g - : (§rYep
S (LAMADA (9)
: = tCOND
: LUAND (EQUAL & (LENGYR P))
§i (6 P LQUOTE (R E Y U R N
" Hi) )
A (QUOTE (RETURNDD)

CLAND (FOUAL 4 CLENGTH PO
EOM B (OUDIF (S Y 0 Py
HiY)
LOUOYE (ST0P )
; CUAND (EQUAL & (LENGTH P))
: IGM P {QUOTE (P AU § £

e

AR Ly gl R e

L SRE
P (OUATE (PAUSE YY)
E CUAND (EGUAL 8 (LENGYH P))
P CGM B (OUDTE (€ ONT I N U Y
fy H1))
) ] (QUOTE (CONTINUF )
’ : LVAND (FOUAL Y LLENGTH P))
N (GM P (OUOTE (E N D)
b Hi))
L tOUOTE (FNPYY)
; 4 tige P AQUOTE (G 0 SP T 0 s#))
N H
L (upo P
] LEAND (GM P (QUOTE (P 0 SP)Y)
7 M)
. (GREATERP INUNVAL (NFL 4 P))
| H2 )
. cuno Py
S (4GH P LOUOTE (G O 1T 0))
H)

cugoro P
(LGM P cQUDTE (C A L L)
H)

at)
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b
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)

l

tucaLL Py
{(GH P (QuUOTE
H}
(USBRYN P))
(CQM P oLQUOTE

)
tupim P
LGN P (ouoTe
H)

{UPAUSE P31
CLGM P (QUOTE

HY
tucoM Py
({BN P {QUOTE
H)

{UFORM P 1)

((GM P (QUOTE
M}

{UACCTYE B))

({GH P (QUOTE
M}

tUTFSS Py

t{OM P LQuoTE
M

tUASSIGN P )

t{OM P (QUOTE
M)
(UACE PY)
tear Pocoyore
H)
(UEF P ))
t(GH P (ouoOYE
H)
{UFN B))
(LGN P LOUOTE
H)
(UgOY )
{(QR P (QUOTE
W)
(UPNTR B))
({(aGM P {OQUOTE
H)
(UPNCH P))
teaM P (oyorTe
H)
(UTYPE P))
({LOoM P {QUOTE
H)
(URDTP P))
(g™ P (QUOTE
H)
(URLIT P
((GM P (QUOTE
H)

(s

tp

(P

(C

(F

CaA

ol

CA

{A

t

(F

ot

(P

(P

€1

(R

(R

(R

Y

u

o

LB S ENSE SP S W
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EN
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(UREAD £}
LIGM P (QUOTE (R E ¥ I N D))
HY
{URMND £
(¢GM P (QUOTE (W R 1T T F SP T AP EN
H}
tUNT P}
LGN P (QUOTE (P R I N T))
™}
{UPRNT P12
t{GM P {(QUOTE (S E NS E SPL T G M TY)
H}
{usy N}
{tGM P (QUOTE 2 4 C XK S P AC EN

) y 5 N & ;
I i A O PO AT R AT ot AL T (Jort g d o o N b e

| MY
! LURSP P))
! C{GM B (OUDTE t1 F SP F L O AY I NG SPOVEREFLO
W)
M}
(ULFFo Py
CEaM P (QUDTE (W R T YESP OUTPUT S T AP E)Y
H )
{UNDOT P
CLOM P (OUDYE (1 F LB S € NSESP LI GHTIN
W)
CUFISL Py
CCGM P (QUDYE (1 F 8P))
W
LULFS P
(LGM P LOUATF (1 F LAY
M)
d tULFL Py
4 (Y (UAS (DESFACE PI)I¥)Y)
- (8Y

(LAMADA ()
(8TYPE (SPACE P 1))

- UNUMVAL
L (LAMRDA (L)
(COND
S CENULL 1)
3 1 0
S ({NUMBFR® (CAAR L))
-\ ; {CADAR L))
] (T (NUMYAL (CDR L))

(A1 T
(LAMBOA (L)
(MAPCAH || (FUNCTION CARDY )

(ALY
(LAMBEDA (P)
{MAPCAR P (FUNCTION ALTE) D))




(NUM?2
(LAMBDA (X}

| (COND B
; C(NULL K? A
. NIL) 2
. ((NUMBERP (CAR X)) i
B CCAR K} >

€T (NUM2 (CDR K)D)1))) =

(NUM3 [
(LAMBDA (A) P
(MABCAR A (FUNCTION NUM2)))) N

v {NUuML
o (LAMBUA €A)
s {COND
T COMEMBER NIL (NUM3I A))
T NIL)

- (T (NUMI A0 Y) '

3 tusoi
. (LAMBDA (P N}
A (COND
] CLEQUAL NTL ENUML CALTY (TALL P NI
(QUOTE {MISSING NUMBERS IN GO TO STATEMENT)))
. (T (COND
S (LEQUAL 7 N)
) ¢ 4PPEND (OUOTE (G O SP T 0 SP))
(NUML (ALY CTAIL P 22000
CLEQUAL & N
CAPPEND (QUOTE (G O T O SP))
ENUML CALT (TATL P 633301 1))))

b ) {NMTCH
. tLaMBDA (P)
O {PROG (C D)
S (SET0 C 0)
I (SETO D (LENGYH P))
‘ g A (COND
S CINULL P)
(RETURN (QUOTIENT C D)D)
(SETO C (PLUS C (NUMVAL (CAR P))))
{(SETD P (CDR P
(GO A)
")

(MFM2
¥ (LAMBDA (X A
(COND
CONULL A)
NIL)
{{MEMBER X (CAR A))
L
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(T (MEM2 X (CDR A)}}3) D)

tUGo
(LAMBDA (P)
(UGoXx P 7))

{UnOTC
(LAMBDA (P)
(UGOX P 6)))

(UGOX
(LAMBDA (P N)
CCLAMRDA (X))
(COND
(CAND (GREATERP (NMTCH X))
K3}
(LESSP (LENGTH X))
6)
CALLNUMP X
(UG0L P N
((AND (MEMRBER LB (ALYYL (NEL N P
{MEM2 CO (ALT X))
{MEM2 RB C(ALT X3 ))
{(UCGY P N
(T (UASGTY P NIYY)
(TAIL P N)Y)))

(ALLNUMP

(LAMBDA (P)

({LAMBDA (4)
{COND

CENULL (NUMEL A

NIL)D

(T 1))

CALT P)))y)

(HFAD
{LAMBDA (P N)
(HEADYL (CDR P)
N

(LIST (CAR P D)

4 (HFADY
3 (LAMBDA (P C U)
(COND
({NULL P)
(REVERSE U))
{iFQUAL C 1)
(REVERSE U
{T (HEAD1 (CDR P)
(supg )
(CONS (CAR P)
TE2RR2R]
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(TAlL
(LAMBDA (P N)

(COND
((NULL P
NIL)Y
t(EQUAL N 1)
P

tT (YAIL (CDR P
(SUEY NDXI))

{ NUMEM
(L4MBDA (&)
g 5= ‘CONQ
¥ © (ONULL &)
& NIL?
. (CNUMIERP (CAR A))
o : T)
. tT (NUMEM (CDR A))))))
. {UPAUSE i
s g (LAMBDA (P) ' - 3
4 ; {COND g
S ; CONULL (NUML CALT (TAIL P 7))))
) (QUOTE (MISSING NUMBER IN PAUSE STATEMERT)))
. (T (APPEND (QUOTE (P A U S E SP))
. . (NUML (ALY (TAIL P 7300 ))
SER (UASGT
. tLAMBDA (P N)
. (COND
N CUNULL (VAR (TAIL P N)))
R | (QUOTE (NO VARIABLE IN ASSIGNED GC T0)})
. (T (APPEND (QUOYE (G 0 SP T 0 SP))

(VAR (TAIL P N2

tucGT
(LAMBDA (P N}
(CLAMBDA (X)
(COND
CONULL X))
(OUOTE ¢CANT RESOLVE COMPUTED GO 10)))
: (Y CAPPEND (QUOTE (G 0 SP T O SP))
a X1
= (UCGT2 (TAIL P NI D)

(UCGT?2
(LAMBDA (P)
((LAMBDA (A)
tPROG (C U v Q)
(SETCO € 4)
LOOP(COND
((LESSP (LENGYTH A)
5)
(RETURN NIL))
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{(NOT (AND {(NUMEM (CADR a}))
(MEMBER RB (CADDR A))
(OR (MEMBER SP (CADDDR A)}
{MEMBER CO (CADODR aA)))))
tGo 81
{SETO ¢ (BINYLIST (DESPACY (HEAD P (SUBY CHY)

{COND
CINULL )
(GO B8}
(SETQ v (EXP (DESPACE (TAIL P (ADD1 C)H)I) 1))
(COND
CONULL V)
(GO BY))
{SETO O (APPEND (QUOTE (SP))
v))
(RETURN (APPEND U 0O))
B (SETN C (ADD1 C})
{SEYO A (COR A))
(GO LOoOP?
V)
(ALY P))Y)

{DFSPACE
(LAMBDA (P)
{COMD
CENULL P)
NIL)
{CEQUAL S® (CAAAR P
(DESPACE (CDR PO M)
(T (CUONS (CAR P)
(DESPACE (CDR P)Y))DI))

tUIFS
(LAREDA (P)
{CLAMBDA (&)
(COND
((MEMBER SP (CADOR A))
(ULIFSt1 (UIF (DESPACE (CDDDR P)))))
({MEMBER L8 (CADDR A))
(UITFL P )}
(T (QUOYTE (CANT RESCLVE IF STATEMENT)))))
CALT POy

tUIFL
tLAMEDA (P)
((LAMBDA (1)
{COND
LENLLL 20
(QUOTE {CANT RESCLVE IF STATEMENY:))
(T (APPEND (QUOTE (I F)?
X))}
(UIF (DFESPACE (CDDR P))))
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(UIFSY
{LAMBDA (X)
(COND
CONULL X))
CQUOTE (CANY RESOLVE IF STATEMENT)))
(T (APPEND (QUOTE (1 ¥ SP))
X))}

(uiFr
(LAMBDA (P}
({LAMBDA (A)
{(PROG (C U V)
(SETO C 1)
F (COND
CCLESSP (LENGTH A)
7)
(RETURN NIL )}
(CNOT (AND (NUMEM (CAR 4)}
{MEMBER CO (CADR A))
(NUMEM (CADDR A ))
(GO 8)))
{SETQ €C (PLUS C 2))
{SETQ A (CDDR A))
E {COND
CCLESSP (LENGTH A)
%)
(RETURN NIL})
({ROT (AND (NUMEM (CAR A))
(MEMBER CO (CADR A))
{NHUMEM (CADDR A)))
{(Ge D2
H {COND
((LESSP (LENGTH &)
4)
(RETURN NiL))
C(NOT (AND (NUWMEM (CAR A))
(MEMBER RB (CADR A3}))
(GO G
(SETQ U (IFLISY (REVERSE (HEAD (REVERSE P)
crn»
(COND
CUNULL W)
(GO GY))
(SEYQ v (EXP (REVERSE ¢ TailL (REVERSE P)
(AD01 CH»N) M)

(COND
CUNULL VY
{GO G)))

{REYURN (APPEND V UM
G (SET0 C (ADDY CH)
(SETO A (CDR A))
(GO H)
0 (SETQ € (ADD1 C))
(SETGQ A (CDR A))

57

bt

Sl .

< Eml e Sl
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(GO E)
B (SETQ © (ADDL C))
(SEYQ A (CDR AN
(G0 F)
)
{REVERSE (ALY PYI))

7 {UDno
- (LAMBDA (P)
S C{LAMBDA (X)
(COND
CONULL XD
(OUOTE (CANT RESOLVE DO STATEMENT)))
E (YT (APPEND (QUOTYE (D 0 SP))
R ' X))
{UDO1 (CDDOR P)))))

Y (Upoy
- F (LAMBDA (P)
- {(LAMBDA (A)
Y {PROG (C O U V)
3 (SETQ € A)
3 LOOP{COND
N | CLLESSP (LENG?: &t
. 7)
5 (RETURN MibL ¢
g CUNOT (MEMBER &4 (CABDDR A M)
" (GO BY)
. {SETO U (FRONTDO (KRZAD P (SUBL CI¥)}
Rty (COND
c 8 (ONULL U)
| (GO B)))
y (SETO V (Baix’) (QESRACE (TAIL P CADDY CH))
k! (COND
E LENULL V)
E (GO 81
E (SETO O (APPEND (2UOTE (ES)H)
i V)
(RETUYN (APPEND U O
: (SETQ C (ADDL C))
(SETO A (CDR A))
E (GO LOOP)
B )}
1" CALT P)I))
(FRONTDO

(LAMBDA (P)
(. LAMBDA (2)

(PROG (C 0 U V A%
(SEYO € *5
(SETO =t A)

LOaP(CON
TCLESSP (LENGTH A)
2)

L

&7 T
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{RETURN NIL )
{INOT (MEMBER SP (CADP A}})
(G0 BY)}
§SETO U (HUML (HEAD AL (SUBL CHI M)
{ COND
tENULL W)
(GO 81 »)
{SETO V C(IDENT (DESPACE (TYaAlL P (ADD1 CII)}
(COND .
C{NULL V)
(GC B3I
{SETG @ (APPEND (QLOYE (SP))
Vi)
(RETURN (APPEND U Q))

:14 B (SETQ € (ADNY C)
b (SETO 4 (CDR &)
1 (GO LOOF)
4 )
. (ALT P33

e+ e et v ot T 4o grertr R 80 P A TSN SRS W TN

(BACKDO

. : (LAMBDA (P
- C(LAMBDA ta)
g : (PROG ¢C Q U V)

{(SEYQ C 20

] TAG1¢ COND

e ')

R (BACKDOYL

N4 tLAMBDA (P
(rRng

F

CLLESSP (LENGTH A}
2}
{RETURN {BACKDOL P)Y))
CINQY (MEMBER G4 (CADR A}
(GO 8
(SETO U (EXP {HEAD P (SUBY CHI M)
¢ COND
CUNULL U
(30 B0}
FSEVQ VO LEXP (YAIL P CADDE €I
€2 aND
CENULL V)
(G0 81N
(SEYD Q@ (APPEND {GUOTE ¢CON
¥}
(RETURN (APPEND U 0
{SEYQ A (CDR AR
(SETQO ¢ CADDY C¥)
{ GO TACH)

CALT P2

(CLAMBDA (A)

icuv g
1SETL € 2%
tOOND




(DY T T rees TN e (4 W AR

i
AT LT I st rract vttt + e s

»

‘ (RACKDO2
. (LAMBDA (F)

N ' (PROG

co

»

(UaS
S N (LAMBLA (P)

CCLESSP (LENGTH A)
3)
(RETURN NIL))
((NQY (MEMBER CO (CADR A)})
(GO0 BY))
(SETQ U (EXP (MEAD P {SUB1 €)1y
{COND
CENULL W)
(GO 81
USETO vV (BACKDO2 (TAIL P €ADDE CHI )
(COND
CENULL v
tG0 81
(SETC G (APPEND (QUOTE (CO))
v}
(RETURN (APPEND U Q1))
{(SETQ A (CDR 2}
(SEYO C tApDYL C))
(GO F)

CALT Py

((LARBDA (A)

(C yu Vv ay
(SETC € 2)
(CORD
(LLESSP (LENGTH A)
3)
(RETURN NIL )
((NOT (MEMBER CO (CADR a)))
(GO BY))
{SETO U (EXP (HEAD P (Sud1 C1)))
{COND
CINULL W)
(Go BY))
CSETQ V (EXP (TAIL P (ADDY C))))
(COND
CONULL V)
(GO0 B»))
(SETO Q C(APPEND (QUOTE (CO0))
V)
(RETURN (APPEND U QM)
(SETO & (CDR A))
(SEVG C (apD1 C)»
tG0 F)

g ' (ALY PI))

N : ({LAMBDA (A)

,
R AL " 2 RN

(PROG (C U v Q)

60

. T




e

T

(SETD € 2)
LOOP(COND
((LESSP (LENGTH A)
3)
(RETURN (QUOTE (CANT RESOLVE ARITHMETIC ASSIGNMENT
STATEMENT 1))
((NOT (MEMBER ES (CADR A} )
(G0 B)))
(SETO U (VAR (HEAD P (SUBL €M)
{ COND
CONULL W)
(GO 8)))
(SETO v (EXPH (TAIL F (ADP1 C))))
(COND
CeNULL V)
(GO B1))
(SETQ © (APPEND (QUOTE (ES))
V1)
(RETURN (APPEND U Q))
8 (SETO C tADD1 C))
(SETO A& (CDR A
(GO LOOP) .
) %
CALT P )Y 5

(UASSIGN
(LAMBDA (P)
CLLAMBOA (X)

tCOND

C(NULL X))

(QUOTE C(CANT RESOLVE ASSIGN STATEMENT)))
(T (APPEND (QUOTE (A S S5 1 G N S5P))
X1)1))
(UASSIGNS (TAIL P 8)))))

(UASSIGNS
(LAMBDA (P}
((LAMBDA (M)
(PROG (C U V 0 AL)
(SETO ¢ 3)
(SETQ Ag A)
LOOP(COND
CLLESSP (LENGTH A)
)
(~TTURN NIL))
(ONGT (AND (MEMBER Y (NEL 3 A)Y)
{MEKRER G (NEL 4 A))))
(GO BN
(SETO U (NUM1 {HEAD A1 (DIFFERENCE C 2))))
(COND
C(NULL U)
(GO B
(SETO V (VAR (TAIL P (PLUS C 3 )
(COND
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CINULL V)
‘GO B
{SETQO Q (APPEND (QUOYE (SP T 0 SP))
v}
(RETURN (APPEND U G))
8 {SET0 C (ADDYL ©))
(SETQ & (CDR AM)
(60 LOOP)
)
ALY PYYY)

(UFN
(LAMBDA (P)
CELANBDA (X))

¢COND

CONULEL X))

(QUOTE (CANT RESOLVE FUNCTION STATEMENT )
(T CAPPEND (QUOTE (F UNC T I O N SP))
X))
(UFN1 (DESPACE (TAIL P 10))Y1) )

(UFNY
(LAMEDA (P)
CLLAMBDA (A
(PROG (C U V)
(SETO ¢ 2)
LOOP(COND
((LESSP (LENGTH A)
a1}
{RETURN NIL))
CO(NOT (MEMBER LB (CADR A)})
(GO B)))
(SETO U CIDENT (HEAD P (SuB1 CM)))
{COND
C((NULL W)
(GO B}
(SETQ vV (BIDLIST (T8IL P C)))
{COND
CUNULL V)
(GO B)))
(RETURN (APPEND U V)
8 (SETQ C (ADD1 C))
(SETD A (CDR & ))
(GO LoOP)
N
(ALY PYOY)

cucaiLy
(LAMBD2 (P)
(CLAMBDA (X
(COND
CUNULL X))
(QUOTYTE (CANT RESOLVE CALL STATEMENT 1))
(Y {APPEND (QUOTE {C A L L SP))
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(UCALLL (DESPACE (TAIL P 6)))) 1)

(UCALLY
(LAMBDA (P)
{C(LAMBDA (X
(COND
CINULL XD
(UCALL2 P)Y)
(v x»n»
CIDENY P

(ucatLs
(LAMBDA (P)
{(LAMBDA (A)
(PROG (C U V)
(SET0 C 2)
LOOP({COND
((LESSP (LENGTH a)
4)
{RETURN NIL))
CINOT (MEMBER LB (CADR a)))
{GO B)Y))
(SETQ U (IDENT (HEAD P {(SUB1 €»))
{COND
CINULL W)
(Go 8y
(SETQ V (EXPL (TAIL P C)))
(COND
CENULL V)
(GO B8));
{RETURN (APPEND U V)
8 (SETQ C (ADDL C))
{SETQ A (CDR A))
(GO LOOP)

»)
(ALY PI)))

(USBRTN
(LAMBDA (P)
(CLAMBDA (X))

{COND

COENULL XD

(QUOTE (CANY RESOLVE SUBROUTINE STYATEMENT)))
(7 (APPEND (QUOTE (S UBROUT I NE SP)
X))
(USBRTNL (DESPACE (TAIL P 12011 ))

(USBRTN1
(LAMBDA (P)
((LAMBDA (X)
(COND
CONULL X
(USBRTNZ2 P))

63




T T T RSP AR PRGNS L TR Ty T T R T M TR TSR TR L L
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{1DENT P

{USBRTIN2
(LAMBDA (P)
C(LAMBDA (&)
(PROG (C U V)
{SETQ € 2+
LOOP(COND
(LLESSP (LENGTH A&}
43
i RETURN NIL))
(ANOT (MEHMBER 8B {(CADR AM)
{GO B)))
{SETO U C(IDENT (HEAD P (SuUB1 C)))
{COND
CENULL W)
(Go BY))
(SETO V (BIDLIST (TY4IL P CO))
{COND
{{NULL V)
(GO B}
{RETURN (APPEND U V)
B {SETO € (ADDL C )
{SET0 A (CDR AM)
(GO LOOP)

)1}
CALY PYY))

(UCOM
(LAMBDA (®)
{{LAMBDA (X))

(COND

(ONULL %)

{QUOTE (CANT RESOLYVE COMMON STATEMENT)))
(T CAPPEND {QUOTE (C O M M O N SP))
X1y)
(IDLIST (DESPACE (TALIL P 810 ))

(uptw
(LaMada (pP)
((LAMBDA (X))

(COND

{ (NULL X}

(QUOTE (CANT RESOLVE DIMENSION STATEMENY?))
(T (APPEND (QUOTE (D I M E NT T 0O M SP)Y)
X))
(DIMLIST (DESPACE (TAIL P 110201

tuace
(L AMBDA (P)
((LAMBDA (X}
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{7 C(APPEND ¢(QUOTE (A C C E P T SP))
X))
(GENIO (TAIL P 8)})))

(UPNCM
(LAMBDA (P)
(CLAMBDA (X))

({COND

CENULL X))

(QUOTE (CANT RESOLVE PUNCH STATEMENT )
(T (APPEND (QUOTE (P U N C H SP))
X
(GENJO (TAIL P 2)))))

{UPNTP
(LAMBDA (P)
((LAMBDA (X)

(COND

({NULL X)

{QUOTE (CANT RESOLVE PUNCH YAPE STATFMENT)))
(T (APPEND (QUOTE (P UNCHSP T APRPE SP))
Xyn
(GENIO (TAIL P 42)2))))

(UREAD
tLAMBD2 (P)
(CLAMBDA (X))

( COND

CENULL XD

CQUOTE (CANT RESOLVE READ STATEMENT)Y))
(T (APPEND (QUOTE (R E A D SP))
X3y
(GENIC (TAIL P 61))1))

(UTYPE
(LAMBDA (P)
(CLAMBDA (X))

{COND

CUNULL X))

(QUOTE (CANT RESOLVE TYPE STATEMENT)))
(T C(APPEND (QUQTE (T Y P F SP))
XM
(GENTO (TYAIL P 630 ))

(UACCTP
(LAMBDA (P)
(CLAMBDA (X))
(COND
tENULL X))
(QUOTE (CANT RESOLVE ACCEPT TAPE STATEMENTI))
(Y CAPPEND (OQUOTE (A C C EP T SPT APE SP)H)
Xy
(GENIO (TALIL P £3)2))))
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{UPRNTY
(LAMBDA (P)
ttLaneta (x)

(COND

CENULL X))

(QUOTE (CANT RESOLVE PRINT SYATEMENT)))
€T CAPPEND (QUOTE (P R I N T SP))
X1y

(GENIO (YAIL P 7)) 1)

(QEN]O
(LAMBDA (P)
({LAMBDA (A)
(PROG (C U ¥V 0 A1)
{SETQ ¢ 2}
(SETQ A¢ A)
LOOPCCOND
((OR (LESSP (LENGTH A)
3)
(GREATERP C 6))
{RETURN NIL))
CCNOT CAND (NUMEM (CAR A))
(MEMBER CO (CADR 2))))
(GO 8)»
(SETQ U (NUM1 (HEAD A% (SUB1 C1i)))
(COND
CONULL W)
(GO 8)))
(SETO Vv CIOLISY (TAIL (DESPACE P)
(ADDL C))»
(COND
CLNULE V)
(GO B
(SETQ Q (APPEND (QUOTE (CO))
vy
(RETURN C(APPEND U 0))
8 (SETO C (ADD1 C)y)
{SETO 2 (COR A))
(GO LoOR)
L
CALT (DESPAGE PIY)))

{UFF
(LAMBDA (P)
CCLAMBDA (X))

¢ COND

CONULL X))

(QUOTE (CANT RESOLVE END FILE STATEMENT 1))
(T CAPPEND (QUOTE CE N D SP F I L E))
X
CEXF (DESPACE (TAIL P 10))3)))

(URYND
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{LAMBDA (P)
CCLAMBODA (X))
(COND
CUNULL X))
(OUOTE (CANT RESOLVE REWIND STATEMENT YY)

(T CAPPEND (QUOTE (R E W | N D SP})
X133}

CEXP (DESPACE (TAIL P 81)))))

(UrsP
¢LAMBDA (P)
CCLAMBDA (X)

(COND
(INULL 1)

{QUOTE (CANT RESQLVE SauvKSPACE SYATEMENT)))
(T (APPEND (QUOTE (B A C K S P A c E SP))

A s R A
T A e e e A Y R TR S

g X1y

CEXP (DESPACE (TAIL P 24)1))))

_ CINTT
B (LAMBDA (N)
. CINITE N NIL)Y))

CINITY
(LAMBDA (N U)
{COND
C{EGUAL N 0)
u)
€7 CINITL (SUBL N)
(CONS £ UMY YY)

B (DECMOD?2
. | (LANBDA (N)
3 (REVERSE (DECMOD21 (REVERSE N)))))

(DECHMOD2¢
o (LAMBDA (M)
g (COND
3 CCNOT (MEMBER 1 M)
NIL)
CCEQUAL 1 (CAR ™M1))
(CONS 0 (CDR M))Y)
(T (CONS 1 (PECMOD2% (CODR M)Y))»)))»

VPMLAB
(LAMBDA (P PMLIST C)
C{LAMBDA (X)
(COND

CUNULL P)
NIL)

CENULL (CDR P
(REVERSE PMLIST))

((OR (MEMBER PL X)

(MEMBER M1 X)
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(MEMBER AS X3
{MEMBER SL X))
(PMLAB (CDR P)
(CONS C PHLIST)
tADDY CY M)
(T (PMLAB (CDR P)
PMLISY
LADCL CHYMI))
(ALTL (CAR PI))I))

{Srg
(LAMBDA (X M N)
(COND
CLEQUAL M (SUBL1 N)»
NIL)
((GREATERP N (LENGTH X))
(TAIL X C(ADD3 M)))
tY (HEAD tTAIL X (ADDL M)
(DIFFERENCE (SUBL N)
M))¥))))
(EXPHS
(LAMBDA (P CD U V)
{COND
CUNULL V)
u?
(T (EXPHS P «(CDR CD)
(CONC U (0P (NEL (CAR CD)
P):
{CAR V)
(CDR V)1 ))
{op
(LAMBDA (L)
(COND
CONULL L1}
(QUOTE (ERROR)))
C{OR (EQUAL (CAAR L)
PL)
(EQUAL (CAAR L)
M1)
(FQUAL (CAAR
AS)
(FQUAL (CAAR L
sL»
(LIST (CAAR L 5))
¢T (0P (CDR LYY
(ExPKX
{LAMROA ¢P CD)
(CLAMBDA (X
t COND
(ONULL X))
NTL?
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(T (EXPH5 P CD (CAR X)
(CDR X)3)))
CEXPM4 NIL (EXPH4L P (CONS O (APPFND CD (QUOTE (1000))

))
NIL))))
{EXPH4
(LAMBDA (U V)
(PROG (R}
LOGOP{COND
CENUGLL V)
(RETURN (REVERSE U)Y))
({GREATERP (LENGTH (CAR ¥}))
HE)
(RETURN NIL)Y))
({ COND
(INULL (CAR V)Y
(RETURN NIL))
(SETQ R (EXP (CAR VI ))
(COND
{ENULL R)
(RETURN NIL)))
(SETQ U (CONS R U))
(SEYC V (CDR V)
(GO0 LOOP)
ry)
(EXPHA4Y
(LAMBDA (P CDA W)
(COND
¢{NULL (CDR CDAY)
(REVERSE W))
(T (EXPH41 P {(CDR CDA)
(CONS (SEG P (CAR CDA)
{CADR CDA))
URBBRED)
CEXPH2

(LAMBOA (P PHMLIST UPTO)
(EXPH3 P (DBD NIL PMLISY UPTO3)))

(DBD
(LAMBOA (U PMLIST UPTO)
({COND
{(NULL UPTO}
(REVERSE U))
((EQUAL {1 (CAR UPTO))
(DBD (CONS (CAR PMLIST)
Ul
(CDR PM_LIST)
(CDR UPTOY)M
(T (DBD U (CDR PMLIST)
(CDR UPTOYM))))
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(EXPH
(LAMBDA (P)
(COND
CINULL (CDR P))
tEXe P))
(T (CLAMBDA (PMLIST)
{COND
CLLESSP (LENGTH P)
HE )
LEXP P))
tENULL PMLIST)
NIL}
(Y CEXPHY P PMLISY (INIT (LENGTH FMLIST') ¥ )y
{PHMLAB (Cbhar Py
NIL
20

(EXPHL
(LAMBDA (P PMLIST UPTO)

§ {COND

: CUNULL UPTO)

| NIL)

: (T ({LAMBDA (X)

: (COND
CINULL (EXPP X))

LEXPHL P PMLIST (DECMOD2 UPTO)))

(T X))

(EXPH2 P PMLIST UPTO0))))))

(LETTERP
(LAMBDA (A)
(MEMBER A LETTERLIST)))

(tDIGITP
(LAMBOA ()
(MEMBER A DIGITLIST)))

(SPECIALP
(LAMBDA (&)
(MEMBER A SPECIALLIST)))

( ANP
(LAMBDA (»a)
(OR (LETTERF &)
(DIGITP A )

(SIGNP
(LAMBDA (A
(OR (ED0 A PL)
(E0 A MIN))Y)

(FvyPpP
(LAMBDA ()
CNULL (SEXP Ly
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(EXPLP
(LAMBDA (1)
ENULL (SEXPL L))

{SexPy
(LAMBDA ¢l
(SOND
CUNULYL L)
ERRL

(T (SCOEXPLON (SEXP L3)))y)

(SCOEXPLON
CLAMBDA (L)
(COND
CONULL L)
L
LCED (CaRr 1)
co»

(SEXPL (CDR L)
(T Ly

LSexp
(LAMBDA ¢L)
(COND

CONULL L)
ERRL)

(CSIGNP (CAR L))
(SUEXP (CcDR L))

(T (SUEXP L))

{SUEXP
(LAMBDA (L)
(COND
CINULL L)
ERRL)

(7 (SSEXPON (STERM Lyrnn

(SSEXPON
(LAMBDA (L)
(COND
CONULL L)
L)
(USIGNP (CAR L))

{SUEXP (CDR L))
(T Ly

(STERM
(LAMBDA (L}
(COND

LINULL L)
ERRL)

(T (SFONTERM {SFACTOR L1333y,
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(LAMBDA (L)
(COND
{(NULL L)
ERRL)
(T (SEONFACTOR (SPRIMARY LYY 1))

{SPRIMARY
(LAMBDA (L)
{COND
{ENULL L)
ERRL)
(CLETYERP (CAR L33
(SVFON (CDR L))}
{tOR (DIGITP (CAR L))
(EQ (CAR L)
PE))
{SCONSTANT L))
((EQ (CAR L)
LB
tSREXP L))
(Y ERRLDYI)))

{ SYFON
(LAMBDA (L)
{COND
CONULL L)
L)
CCANP (CAR L))
{SYFON (CDR LMY
(tEQ (CAR L)
LR}
{SBEXPL L))}
(T LYyY))

(SREXP
(LAMBDA (L)
(COND
CENULL L)
ERRL)
(LEQ (CAR L)
£8)
(SRB (SEXP (CDR L))
(T ERRLIYY)

by { SREXPL
co (LAMBDA (L)

- (COND

L g CONLLL L)

SRV ERRL)

3 ((EQ (CAR L)

. LB)

P . (SR8 (SEXFL (CDR L))
S (Y ERRL YY)
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(LAMBDA (L}
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(LAMBDA (L)
(COND
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(LAMBDA (L)
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(SINTEGERON
(LAMBDA (L)
tCOND
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(COND
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(CAND (SIGNP (CAR L))
(DIGLITP (CADR L))
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(NULL C(SLIMLISTY S)1)))

. (BINTLISTY
(LAMBDA (P)
(COND
(LLESSP (LENGTH P)
3
NIL)
(UNOT (MEMBERLP LB (CAR P)))
NIL)
((NOT (MEMBERLP RB (LASTi P)))
NIL)
€T (CLAMBDA (X)
] ( COND
O CONULL ¥)
3 NIL?
(T (CONS LB ¢(APPEND X (QUOTE (RB)))))))
CINTLIST (INSIDE P)))))))

anoas

(LASTY
. tLAMBDA (P)
. 1 (CAR (LAST P))))
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(HEMBERLF
(LAMBDA (X L)}
(COND

({NULL L)
NIL)

{(EQ X (CAAR L))
)

4T (MEMBERLP X (CDR LI))ID)

(INSTDE
{LAMBDA (P2
(INSIDEY (CDR P)
NIL)))

( INSIDEY
(LAMEDA (P 0Q)
(COND
{INULL (CDR P))
(REVERSE 0)) ,
(T (INSIDEL (CDR P) ;
. {CONS (CAR P) :
3 0))) ) §

CINTLIST
(LAMBDA (P)
(COND
((NULL P)
NIL)
(Epjgeorr P)
CINTLISTL (LINTLISTY P NIL)))
(T NILD)I))

R N

{DIGCOPP
(LAMBDA (P)
{COND

CONULL P
™

((NOT (DIGCOLP (CAR P) 1))
NIL) !

(T (DIGCOPP (CDR P)23))))

({DIGCCLP
(LAMBDA (L)
(COND

CUNULL L)
NIL)

((DIGCOP (CAAR L))}
™

tY (DIGCULP (CDR L)Y))¥)))

(DIGCOP
{LAKBDA (X)
(COND
((OR (EQ X CO)




(pIGITP X))
T)
(T NILYD)

{LINTLISY
(LAMBDA (P Q)
{COND
LINULL P)
{REVERSE Q)
tT (LINTLISY (CDR P)
(CONS (DIGCO (CAR P))

; ¢rnay
(pigGco
tLAMBDA (L}
(COND

CEDIGITP (CAAR L))
(COMBINE (CAR L)
2 (COON (CDR L))
E (CEQ (CAAR ()
3 ! co)
g é (COMBINE (CaR L)
8 ; (DIGON (CDR L)) M)

(T (DIGCO (CDR L)Y M)

N (CNMBINE
< (LAMBDA (X v)
(COND
; CONULL Y)Y
8 (LIST x))
3 (T (LIST X Y)))))

r {CoON
(LAMBDA (L)
{COND
CUNULL L)
NIL)
¥ (LEQ (CAAR L)
- co)
(CAR L M)
(T (COON (CDR L))

(DIGON
(LAMBDA (L)
(COND

CONULL L)Y
NIL)

{(DIGITP (CAAR L))
(CAR L))

(T (DIGON (CDPR L))))))

CINTLISTA

(L AMBDA (P)
(PROG (U ¥V W)
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(SEYC U (PICKDIGIT (CAR PI))
(COND :
CIENULL V)
(RETURN NIL)))
{COND
(UNULL (CDR P))
(RETURN (LIST )12}
(SEYO W (PICKDIGIT (LASTY A ))
{ COND
TENULL W)
{RETURN NIL))
{COND
(CLESSP (LENGTH P
)
(RETURN (LIST U W))))
(SETYQ U (LISY (LIST (LIST U 100))))
(SETQ W (LIST (LIST (LIST W 100))))
(SETO v (DINTLIST (APPEND U (APPEND C(INSIDE P)
LEREE]
{COND
(INULL V)
{RETURN NIL)))
{RETURN V)
1))

(DINTLISY
(LAMBDA (P)
(DYPROG P (FUNCTION INTLISTP)I))

(PICKDIGIT
(LAMBDA (L
({COND
CENULL L)
NIL?
{{DIGITP CCAAR L V)
(CARR L))
(T (PICKDIGIT (CDR LI))))

(IDENT
{LAMEDA (P)
(CLAMBDA (A)
(COND
CUNULL A?
NIL)
(iGREATERP (LENGTH A)
&)
NIL)
CONULL (CUR A
(STARTVAR (CAR A)))
(T (PROG (U V)
(SETO U (STARTYVAR (CAR A3))
(COND
{UNULL U)
(RETURN NIL)))
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(SETQ vV (RESTVAR (COR &)
NILY)
{ COND
CUNULL V)
(RETURN NILD))
(RETURN (APPEND U V¥))

IR RN
(ALY P12 ))
(STARTVAR
(LAMBDA (%)
{COND
(ENULL KD
NILY

(CLETTERP (CAR K))
(LIST (CAR K)))
{Y (STARTVAR (CDR X1¥)))))

(RESTVAR
(LAMBDA (A B)
(COND
(ENDLL 8)
(REVERSE 8))
(T C(LANBDA (Y)
{COND
CINULL V)
NIL)
{T (RESTVAR (CDR A)
(CONS ¥ BYV))
{RESTVARL (CAR A ))

(RESTVARY
{LAMBDA (X))
{COND
(INULL X))
NIL?
(CANP (CAR X))
(CAR K1)
(T (RESTVARL (CDR K2))1))

(VAR

(LAMBDA (P)

(IDENT P))Y)

)
(PRINT (QUOTE FO032a )
(SFTQQ FO324 (SPACE CLPSF NEL MATCH? MATCH GM STYPE ST NUMVAL
ALTY1 ALT NUM2 NUM3I NUM{ UGOY NMTCH MEM2 UGO UGOTO UGOX ALLNUMP
HEAD HEADY TAIL NUMEM UPAUSE UASGT UCGT UCKT? DESPACE UIFS UIFL
UIFS1 UIF UDO UNO1 FRONTDO BACKDO RACKDO1 BACKDO2 UAS UASSIGN
UASSIGNY UFN UFN{4 UCALL UCALLY UCALL2 USBRRTN USBRTN{ USBRTN2
UCOM uDIM UACC UPNCH UPNTP yREAD yTYPE yACCTP yPRNT GENIO UEF
USWND UESP INIT INITY{ DECMOD2 DECMOD21 PMLAB SEG EXPHS QP EXPH3
EXPHA EXPHA44 EXPHZ OBD €XPH EXPHY LETTERP DIGITP SPECIALP ANP
SIANP EXPP FXPLP SEXPL SCOFEXPLON SFYP SUEXP SSFXPON STFRM SFACTOR

41




SPRIMARY SVFON SBEXP SBEXPL SRB SFONTERM SEONFACTOR SCONSTANT
SPREFIX SPREDOT SINTEGERON SINDOTON SEON SSINY SVAR SID SANON

©nn p A e S R YRR TREIE PRI
P
%_;;‘% :

SBEXPLON SBIDLISYT SIDLIST SCOIDLISTON SBINTLIST SINTLIST SCOINTLISTON _
SINTEGERL SINTEGER SINTTRIPLE SCOINTPAIR SINTPAIR SCOINY SDIMLIST by
SCODIMLISTOMN SBLIMLIST SLIMLISY SCOLIMLISTON SLIM SSLSINTON iy
SSL DYPROG EXP DBINTLISTY DEXP VARIABLEP IDENTP BIDLISYP 1IDLISTP ‘%
BINTLISYP INTLISTP INTEGERP SINTYP INTYRIPLEP INTPAIRP DIMLISTP &
LIMLISTP BINTULIST LASTY MEMBERLP INSIDE INSIDEL INTLIST DIGCOPP =

¢
.
i

OIGCOLP DIGCOP LINTLIST DIGCO COMBINE COON DIGON INTLISTY DINTLIST
PICKDIGIT IDENT STARTVAR RESTVAR RESTVARL VAR))
(PRINY (OUQTE VO3I2A))
(SETOO YO32A (M HE H1 H2 H3 T 0 SP LB ES AS SL PL MI PE CO DS
RB ERRI. LETTERLIST DIGITLIST SPECIALLISTY)
({SETO0 H 40)
(SETO00 HE &)
{SETQG W1 30)
{SFY00 H2 33)
: (SETQO M3 40)
i (SETOQ T T)
I ({SETQ0 0 0) i
b (SETOO SP SP) ?
. {SETO00 LB LB) =
(SFT00 ES ES) .
{SETQO AS AS)
§ {SFTO00 SL SL)
N (SETOQO PL PL)
2 {SFTOQ MI MI)
(SETQQC PE PF
(SFTQC CO CO)
(SETQO DS DS)
o {SFTQ0 RB RB)}
< (SETO0 ERRL {ERR))
E (SFTOO0 LETTERLIST (A B CDEFGHI JKLMNOPORSTU
- VY XY ZN
: 5 (SETO0 DIGITLIST (0 £ 2 3 45 6 7 8 9))
o (SETA0 SPECIALLIST (LB £S AS SL PL HMI PE CO DS RB))

S R N RO

S

ij

§
E
|
2
4
{

oo oot st
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(PRINY (QUOTE THIS< FILE WAS CREATED ON <))
(PRINT (QUOTE 6-JUNE=-1967))
(DEFINEOD

{BylILD
(LAMBDA (ARR)

{{LAMBDA (U)

(CONS (ORDERED (CAR UM
(COR UI)
(BUILD1 ARR (CAR ARK)

NiL
NIL
NIL)Y))

(BUTLD:
(LAMBDA (ARR CARR ANS CANSW1i CANSW2)
{COND
((NULL CARR)
{COND
((NULL (CDR ARR))
(CONS CANSW2 ANS)H)
({NULL ANS)
(BUILD1I (CDR ARR)
(CADR ARR)
(LIST CANSW2)
CANSW2
NIL D)
(T (BUILDY (CDR ARR)
(CADR ARR)
(CONS CANSW2 ANS
CANSW?2
NIL? YD
(7T (BUILD1 ARR (CDR CARR)
ANS
CANSWY
(ADDON (CAAR CARR)
(CADAR CARR)
CANSWY
CANSW1
CANSH2)}1))))

(ADDON
(LAMBDA (I A B C D)
(COND
s C(NULL R)
= (PUTIN A (CONS IV 0)
. D))
LINULL ©)
D)
(T (aDDON 1 A 8 (CDR C)
(PUTIN (PLUS A (CAAR C))
(CONS | (CAAR C)3
TRRRRRE




e

(PUTIN
(LAMBDA (VAL PAIR OLD)
({COND
CONULL OoLD)
(LIST (LIST VAL PAIR))
({EQUAL (CAAR OLD)
VALY
({CONS (APPEND (LIST vaL PAIR)?
(CDAR OLD))
(COR OLDYY)
(T (CONS (CAR OLD)
(PUTIN VAL PAIR (CDR CLDI)¥}IDD

{ORDERED
tLAMBDA (A)
(COND
({NULL (CDR A))
A)
(T C(LAMBDA (U}
(CONS U (ORDERED (DELEYE U AD¥D)
(LARGESTY (CAR A)
(CDR 2.2 ))

(LARGESTY
tLANBDA (C D)
{COND
CONULL D)
C?
CLLESSP (CAR C)
(CAAR D)}
{LARGEST (ZaAR D)
(CDR DY)
(T (LARGEST C (CDR DM ¥)

(DELETE
(LAMBDA (ELEM LISTA)
(COND

(UNULL LISTA)
NIL)

((EQUAL ELEM (CAR LISTAY)
(CDR L 1ST4))

vT (CONS (CAR LISTA)

(DELETYE ELEM <CDR LISTAM Y)Y

(PEELOFF
(LAMBDA (OLDVAL ANS OTHERS)
(COND
(CNULL (CAR ANS))
NIL?
(L ZEROP OLDVAL?
(DOWNY (NXT ANS)
(CAAAR ANS)
(CDR ANS)
2
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{FIX0 OYHERS ANS 1 (CAAAR UANS))
CLIST (CHO ANSI)))
({GREATERP (CAKAR ANS)
OLOVAL)
{PEELOFF OLDVAL (CONS (CDAR ANS)
(COR ANS )
OTKERS 1)
CINULL OTHERS)
CREELOFF 0 (CONS (CDAR ANS)
(CDR ANS))
BTHERS ))
TINOT (BELOKRG ¢ CTRERS)M)
{DOWNT (NXT ANT)
OLOVAL

(COR ANS)
-

{FIX0 OTHERS ANS 1 (CAAAR ANS))
(LIST (CHO ANS)YII))
(7 (CHOOSES OLDVAL 1 (CDAAR ANS D))

{CMO0SEY
tLAMBDA (NEWVAL CVR CHOICES)
{COND
{LEQUAL (CAADAR DTHERS)
L)
{COND
(LIQUAL (CDAUAR OTHERS)
CTIRY
(COND
CLNULL (1 CDR CHOTICES )Y
(RPEELOFF 0 (CONMS (CDAR ANRD
{COR AN )
NiL Y}
LY (DOWNE CCDADR CHOICES)
NEWYAL
(CDR AN
2
(FiYXy CIR 4
(LISY (CAADR CHQICES)Y Y I ))
(1T 1CHOOSEY NEWVAL C(ADDY CTR)
LCDR CHOICESIY) Y)Y
(T (DOWNE (CHR (FIND 4 CHAICES QTHERS (1)
NEWVAL
(COR ANS)
2
OTHFRS

LLISY (CAR (FIND ¢ CHOITES OYHERS 13313131

(un0se
fLAMRDA (L¥L CTR CHDICE)
(COND
CAFNUAL (CAADAR LTHERY)

LvL)
tecond

N




((EQUAL (CDADAR OTHERS)
CIR}
{ COND
{(NULL (CDR CHOICE M)
(BACKUP LV¥L DYHERS ANS1 (REVERSE NLIST?
NILD)
‘Y (DOWNY (CDADR CHOICE)
NEWVAL
(CDR ANS1)
CADDL LWL}
tFiX4 CTR LYL}
(CONS (CAADR CHOICE)
NLISTIND )
(T {CHOOSE LVL (ADDi CTR)
{CDR CKOICE)») )}
(7T (DOWN1 (CDR (FIMD LVL CHOICE OTYHERS 1))
HEW VAL
(CDR ANSY)
(ADDYL LVL)Y
OTMHERS
(CONS (CAR (FIND LVL CHOICE OTHERS 1))
NLIST DY) D))

(FIXy
tLAMBDA (23 H)
CCONS (LIST (CAAR OTHERS)
(CONS 8 taDDt AY))
(CDR OTHERS)))

tF1Xx0
tLAMRDA (OTHERS A B C)
(COND
CENULL tCDDAAR A))
OTHERS)
(7T (CONS (LISY C (CONS B 1))
OTHERS )Y ))

(FIND
tLAMBDA (LVL A B C
(COND
((EQUAL LVL (CAADAR BM)
(COND
((EQUAL C (CDADAR 8))
(CAR a M)
(Y (FIND LvL (CDR A)
3
(aA0Ds C: 1))}
(T (FIND LVL A (CDR B)
Crirmm

{CHO

(LAMRDA (X))
(CAAR (CDAAR X))1})

RO




T

3

B
kA
b
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(NxT
(LAMBDA (X))
{CDAR (CDAAR X))} 1))

(DOWNY
(LAMBDA (LEVEL NEWVAL ANSY I OTHERS NLIST)
{COND
({ZEROP LEVEL

e P Tt Ln Al s = 1

i CLIST NLIST NEWVAL CIHERS))
§ ((NOT (EQUAL (CAAAR ANS1)

: LEVEL

! (DOWN1 LEVEL NEWV/L (CONS (CDAR ANS1)
: (COR ANS1))

g 1

: OTHERS

J NLIST )

: CI(NOT (BFLONG 1 OTHERS))

; tDOWNY (NXT ANS1)

g NEWVAL

f (CDR ANSY1)

; (ADDY 1)

(FIX0 OTHERS ANSY I LEVEL)
(CONS (CHO ANSY)
NLIST)Y))
(T (CHOOSE 1 1 (CDAAR ANS1))))))

(BACKUP
CLAMBDA (COUNT OGTHERSZ ANSW2 NLISIB NLISTA)
(COND
{{OR (NULL OTHERS2)
(NULL ANSW2))
{ COND
({CDAR ANS)
(PEELOFF 0 (CONS (CDAR ANS)

(COR ANS))
NILD)
(T NILID
((EQUAL COUNT (CAADAR QOTHERS?2))

( COND
((EQUAL (CAAR QOTKHERS2)
(CAAAR ANSW2)Y)
(RIGHTSPOT (FINDNXT (CDAAR ANSW2)
i
OTHERS?2) M)
(7T (BACSKUP COUNT OYHERS? (CONS (CDAR ANSW2)
{CDR ANSW2))
NLISTH
NLISTADY )Y
CONULL NLISTR)
(BACKUP (ADDI COUNT)
OTHERS 2
(CODR ANSW2)
NTL
NLISTA))

BN
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3

g oy § st B

et &

1T (BACKUP (ADUY COUNT}
OTHERS?2
(CDR ANSW2)
(CDR WNL1I1STB)
{CONS (CAR NLISTB)
NLISTA?IYI )Y

(RIGHTSPOY
(LAMBDA (U?
(COND

(U *DOWNL (CDR U)
HEWVAL
(CDR ANSY2)
(ADD1 COUNT)
{CONS (LIST (CAAR OTHERS2)

({CONS COUNT (ADDi (CDADAR OTHERS2)3))
(CDR OTHERS2))
(CONS (CAR U)
(COR NLISTA))))
CCAND NLEISTA (CDR NLISTA))
(BACKURP § ¢(CDR OTHERS2)

ANS
(COR (REVERSE (CDR NLISTA)))
(LIST (CAR (REVERSE NLISTA))) )}

(NLISTA (BACKUP 1 (CDR OTHERS2)
ANS
NIL
NIL )

(NLIST8 (BACKUP 1 (CDR OTHERS2)
ANS
(CDR NLISTB)
(LIST (CAR NLISTE)) 3D

(T NILY)

(FINDNXY
(LAMBDA (LISTE CTR OTHS)
(COND

CONULL LISTED
NIL)

((EQUAL CTR (CDADAR OTHS))
{COND

CUNULL (CDR LISTE))
NIL)

(T (CADR LISTED)))
CONULL (CDR LISTEM)
NIL)
(T (FINDNXT (CDR LISTE)
(ADDE CTR)
OTHS )Y )Y

(BELONG
{(LAMBDA (EL LISTE)}
(COND
CONULL LISTE)D
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NIL?
((EQUAL FL (CAADAR LISYE M)
T}
t(NULL (CDR LISTE )
NIL)
{7 (BELONG EL (CSR LISTED Y)Y

(STF2
(LAMBDA NIL
(ST £23))

(STE
tLAMBDA NIL
{ST £3)1))

(STEA4
(LAMBDA NIL
(ST 431

(87E£%
(LAMBDA NIL
(ST €513

(STES
(LAMBDA NIL
(ST E&)))

(STEDD
{LAMBDA NIL
(ST EDOYN)

(STEDRY
(LAMBDA NIL
(ST END11YY)

(SYED?
(LAMBDA NIL
(ST ED2Y)M)

{(STED3

(LAMBDA NIL

(ST ED3)11)

)
(PRINT (QuOTE F10328))
(SETOGC F10328 (BUILD BUILDL ADDON PUTIN ORDERED LARGEST DELETE
PEELOFF CHOOSEL CHOOSE FIX1 FIX0 FIND CHQO NXT DOWNi BACKUP RIGHTISPOT
FINDNXT BELONG STE2 STE3 STE4 STES STeé STEDO STEDt STED?2 STED3I )y
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